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(54) POLYESTER ELASTOMERS, PROCESSES FOR PREPARING THE SAME, AND 
COMPOSITIONS OF THE SAME 



(57) Rrst aspect of tiie invention provides a novel 
polyester elastomer having a high melting point which 
comprises a crystalline aromatic polyester which is a 
hard component, at least one kind selected from an 
aliphatic polyester, a polyether. and a polycart)onate 
which are a soft component, and a compound contain- 
ing isocyanate groups, and which can be obtained in a 
short preparation time of period. Second aspect of the 
invention provides a novel polyester elastomer having a 
high melting point, which is obtained by allowing to react 
an epoxy group-containing compound which contains at 
least one of an epoxy compound having at least two 
epoxy groups in tiie molecule in place of ttie compound 
containing isocyanate groups in the first aspect of tiie 
invention, and which can be ot>tained in a short prepa- 
ration time of period. Third aspect of tiie invention pro- 
vides a polyester elastomer having a hard segment 
which comprises a polyalkylene naphtiialate and an 
aliphatic polyester having a specified average block 
chain length, and a process for the preparation tiiereof, 
and which is excellent in a heat resistance, oil resist- 
ance, abrasion resistance, impact resistance, and 
hydrolysis resistance, and which is preferably empl yed 



as parts for cars, large-sized machines, Industrial 
machines, and home electric appliances. Fourth aspect 
of the invention provides a process for the preparation 
of a polyester elastomer which comprises an aromatic 
polyester resin, an aliphatic polyester resin which have 
a specified molecular weight and a dibasic acid (C) or 
an anhydride tiiereof. and which is excellent in a heat 
resistance and rigidity. Fifth aspect of tiie invention pro- 
vides a polyester elastomer composition which com- 
prises mixing a polyester elastomer with a specified 
amount of an epoxy-modified polymer, and which is 
excellent in a heat resistance, oil resistance, abrasion 
resistance. Impact resistance, and hydrolysis resist- 
ance. Sixth aspect of the invention provides a molded 
article which includes, for example, f bers, films, sheets, 
bottles, and sheet-molded articles, which comprises an 
aromatic polyester resin which is a hard segment prima- 
rily containing a polyettiylene terephttialate or a polyeth- 
ylene terenaphtiialate and at least one kind of a resin 
which is a soft segment selected from the group consist- 
ing of an aliphatic polyester, polycarbonate, and poly- 
etiier. Seventii aspect of tiie invention provides an 
aliphatic polyester elastomer which conprises an 



Primed by XeroK (UK) Business Servioss 
2.16.7/3.6 



(Cont next page) 



EP0893463A1 



aliphatic polyester in which a hard segment and a soft 
segment which construct a polyester elastomer are dif- 
ferent from each other, and which Is excellent in a mold 



ability, ductility, impact resistance, and hydrolysis resist- 
ance, and which has a low melting point. 
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Descripti n 

TECHNICAL FIELD OF FIRST ASPECT OF THE INVENTION 

5 First aspect f the invention relates to a novel polyester elastomer. In more detail, it relates to a polyester elastomer 
composed of a crystalline aromatic polyester which is a hard component, at least one selected from an aliphatic poly- 
ester, a polyether. and a polycartx>nate which are a soft component, and a confound containing isocyanate groups. 

BACKGROUND ART OF FIRST ASPECT OF THE INVENTION 

10 

There has been known a polyester elastomer containing a crystalline aromatic polyester which is a hard conpo- 
nent since a long time ago. and it is disclosed in. for example. US Patents 2623031 and 3446778. etc. In a method of 
the US Patent 2623031 . a aliphatic polyester and an aromatic polyester are mixed in a melted state, and there are prob- 
lems that a long time of period Is required in a reaction in order to obtain an elastomer from the both polyesters which 
IS are poor in compatibility each other, and a polymer obtained does not have physical properties such as a sufficient 
extension ratio. 

In the US Patent No. 3446778, there is improved a compatibility with a crystalline aromatic polyester by copolym- 
erizing a slight amount of an aromatic acid with a noncrystalline aliphatic polyester, followed by being combined using 
an N-acylpolylactam or an N-acylpolyamide. However, raw materials to be employed in the method are very expensive, 

20 and those become a cause of a change for the worse in a color hue of a polymer. 

In JP-B-730041 15, JP-B-730041 16, and JP-B-77049037. there are reported a method in which an aromatic poly- 
ester is allowed to react with lactones, and a method in which a multifunctional acylating agent is allowed to react. How- 
ever, in the methods, particularly, the method of tiie JP-B-77049037 in which a solid-phase polymerization is carried 
out, a long time of period is required in a polymerization reaction of tiie lactones, and in the methods of JP-B-730041 15 

25 and JP-B-730041 1 6. there are problems that a melting point lowers in the pdymer obtained, and residual components 
of tiie lactones must be removed. Further, in the metiiods of tiie US Patent 2623031 and JP-B-730041 16, there is 
required an aromatic polyester having a higher molecular weight in oider to obtain a high molecular weight polymer hav- 
ing sufficient mechanical properties. However, the aromatic polyester having a higher molecular weight unpreferably 
requires a higher cost for the preparation. 

30 In order to avoid the higher cost. JP-B-730041 15. JP-B-850045i8, JP-B-91 077826. and JP-B-88031491 report 
methods in which a polyester elastomer having a relatively lower molecular weight is highly-polymerized by a variety of 
chain extenders. 

However, in the methods, since a chain is extended in the polyester elastomer obtained by the above-mentioned 
methods, there are not solved the problems such as a too long time in a reaction period and a low melting point. 

35 

DISCLOSURE OF FIRST ASPECT OF THE INVENTION 

The present invention aims at providing a polyester elastomer having a higher melting point in which a preparation 
period is shortened. 

40 The present inventors have found that the problems can be solved by a polyester elastomer obtained by allowing 
to react a crystalline aromatic polyester which is a hard component, a particularly-selected resin which is a soft compo- 
nent, and a specified compound having isocyanate groups, and the present invention has been completed. 

That is, the present invention provides a polyester elastomer obtained by allowing to react a crystalline aromatic 
polyester which Is a hard component, at feast one kind selected from an aliphatic polyester, a polyetiier. and a polycar- 

45 bonate which are a soft component with at least one of a compound (hereinafter, referred to as "a compound containing 
isocyanate groups'^ containing isocyanate groups vMich is a compound having at least two isocyanate groups in tiie 
molecule. Further, tiie present invention provides a polyester elastomer obtained by allowing to react a crystalline aro- 
matic polyester which is a hard component, at least one kind selected from an aliphatic polyester, a polyether. and a 
polycarbonate which are a soft component, and further at least one kind of compounds selected from a compound 

so (hereinafter, referred to as "a compound containing hydroxyl groups") containing hydroxyl groups which is a compound 
having at least two hydroxyl groups in the molecule, or an epoxy compound, witii the above-mentioned compound con- 
taining isocyanate groups. The polyester elastomers have a higher melting point, and tiiose can be obtained In a short 
preparation time of period. 

ss BEST MODE FOR CARRYING OUT THE FIRST ASPECT OF THE INVENTION 

Hereinafter, tiie present invention is illustrated in detail. 

Th crystalline aromatic polyester to be eirq3loyed as a hard component in tiie pr sent invention is a polymer mainly 
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containing ester bonds or ester bonds and ether bonds, which has at least ne aromatic groups as a recurring unit, and 
which has hydroxyl groups or cartx)xylic groups at terminals of the molecule and, which has a number average molec- 
ular weight of preferably 2000-200.000, more preferably 5,000-100.000. The content of the hydroxyl groups or caitox- 
ylic groups which are terminal groups in the molecule preferably ranges in 1.5-2.5 equivalents/mol. The value is more 
5 pretended in the vicinity of 0-2 equivatentsAnol. 

In the case that the value is excessively lower, a reaction with an isocyanate does not sufficiently proceed, resulting 
in that physical properties lower in a polymer produced. Contrarily. in the case that it is higher, gelation is apt to proceed 
in a polymer produced. 

The content of carboxylic groups ranges In preferably 0-2 equivalents/mol. Reactivity of the isocyanate with 
TO hydroxyl groups is generally higher than reactivity of the isocyanate with carboxylic groups. Accordingly, in the case that 
the content of cartxsxytic groups in raw materials is higher, an epoxy compound Is added in conditions desaibed here- 
inafter. 

On the other hand, in the case that a molecular weight is lower in the crystalline aromatic polyester, there increases 
the amount of the compound containing isocyanate groups to be employed, resulting in tiiat it becomes difficult to obtain 

IS a polymer having a sufficient melting point. Contrarily, In the case that the molecular weight is excessively higher, phys- 
ical properties as an elastomer are not shown in a polymer produced. 

As preferred specific examples of the crystalline aromatic polyester, there can be enumerated a homoester such 
as a polyethylene terephthaiate, a polybutylene terephthalate, a poiy-1 .4-cyclohexylene dimethylene terephthalate. and 
a polyethylene-2.6-naphthalate. and a cocondensed polyester thereof with an optional component. 

20 The aliphatic polyester, pdyether. and polycartwnate to be employed as a soft component in the present invention 
are a polymer (a raw material polymer) mainly composed of ester bonds and/or etiier bonds, which have hydroxyl 
groups or carboxylic groups at terminals of the molecule, and which have a molecular weight of preferatdy 1000- 
200,000, and more preferably 20,000-100.000. The content of the hydroxyl groups or carboxylic groups which are ter- 
minals in the molecule preferably ranges in 1.5-2.5 equivalents/mol. The value is more prefen-ed in the vicinity of 2 

25 equivalentsAnol. In the case that the value is smaller, a reaction With an isocyanate does not sufficiently occur, resulting 
in that physical properties lower in a polyester elastomer produced. The content of cart>oxylic groups preferably ranges 
in 0-0.5 equivalent/hiol in the raw material polymer. A reactivity of a compound containing isocyanate groups witii acid 
groups is generally higher than a reactivity with cartxsxylic groups. Accordingly, in the case that an add value is high in 
raw materials, an epoxy compound is added in conditions described hereinafter. 

30 On tiie otiier hand, in the case that a molecular weight is lower in the raw polymer, there increases tiie amount of 
the compound oontaining isocyanate groups to be employed, resulting in tiiat it becomes difficult to obtain a polymer 
having a sufficient melting point. Contrarily. in the case that the molecular weight is excessively higher, physical prop- 
erties as an elastomer are not shown in a polymer produced. As preferred specific examples of the raw polymer, there 
can be enumerated a homopolymer which includes lactones such as a poly-c-caprolactone. a polybutyrolactone, a pol- 

3S yenantolactone, and a polycaprolactone. aliphatic polyesters such as a polylactic acid, a polyetiiylene adipate, and a 
polyethylene sebacate. a polyether such as a polyetiiylene glycol and a polybutylene glycol, and a polycarbonate, and 
a copolymerized polyester and copolymerized polyether ester in wfiich the aliphatic polyesters are main components, 
and the above-mentioned components other than the main components are components to be copolymerized. 
Of those, the polylactones are preferably employed as tiie soft component 

40 There may be simultaneously employed at least two kinds of the above-described hard component and soft com- 
ponent, respectively. In the present invention, as a mixing ratio of the hard component with respect to tiie soft compo- 
nent, the hard component/tiie soft component is 30/70-95/5, preferably 50/50-90/10, and more preferably 60/40-80^0 
by weight ratio. In ttie case that the hard component is less than 30, crystallinity in the hard component is obstructed, 
resulting in tiiat physical properties lower in a polymer obtained. Contrarily. in tiie case tiiat it is more than 95. an elas- 

45 tomeric property is not shown in the polymer obtained. 

As the compound containing isocyanate groups to be employed in the present invention, if it has one or more of the 
isocyanate groups in the identical molecule, altiiough even a compound having any structures can be employed, there 
must be essentially employed a compound having two or more of the isocyanate groups in tiie identical molecule. As 
such the cornpound. there are enumerated isocyanates to be usually employed for tiie preparation of urethanes. Spe- 

so cifically, there can be exemplified d'iphenylmethane dilsocyanate (MDI). tolytlene diisocyanate, a polymeric MDI. diani- 
cidine diisocyanate, diphenylether diisocyanate, orthotolydine diisocyanate, naphthalene diisocyanate, 
triphenylmetiiane trilsocyanate. triisocyanate phenyl thiophosphate. hexamethylene diisocyanate. isophorone diisocy- 
anate. rydine diisocyanatemethyl ester, metaxylilene diisocyanate. 2.2,4-trimethylhexamethylene diisocyanate, a dimer 
add diisocyanate, isopropilidenebis-4-cyclohexyt isocyanate, dicydohexylmetiiane diisocyanate. methylcyclohexane 

55 diisocyanate, and tdlylene diisocyanate, and a dimer thereof. Two or more kinds of isocyanates may be simultaneously 
enployed. 

As anottier embodiment of the present invention, there can be provided a polyester elastomer obtained by allowing 
to react at least one compound selected from the above-described compounds having hydroxyl group or epoxy com- 
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pounds in additi n to th above-described hard components, soft components, and compounds containing an isocy- 
anate group. Herein, the compound having hydrQxyl group Is a compound having at least two hydroxyl groups in the 
molecule and. specifically, there can be enumerated diols such as propylene glycol, dipropytene glycol, ethylene glycol, 
diethylene glycol. 1.4-butane diol. and 1.6-hexane diol, triols such as trimethylol propane, glycerine hexanetrlol, and 

5 phosphoric add. Further. It may be a compound having other functional groups in the same molecule. 

The compound having hydroxyl groups reacts with at least one ester bond. etc. In the above-desaibed hard com- 
ponents or soft components, and it is employed In order to change terminal groups to hydroxyl groii^ together with 
changing the hard components or soft components to compounds having a low molecular weight. In the case that a 
molecular weight is higher in the hard components or soft components to be employed, unreacted soft components 

70 remain in resins because of a decrease in the concentration of the terminal groups, resulting in that physical properties 
of resins become worse. For the purpose of preventing this, in the case that a molecular weight is larger in raw materials 
for the hard components or soft components, the compound having hydroxyl groups is employed in a large amount and, 
in the case that a molecular weight is sufficiently lower in raw materials, tt does not require to be employed. The com- 
pound having hydroxyl groups is employed in an amount of preferably 0.1-10 times by mol, and more preferably 0.5-5 

15 times by mol based on the sum of a total mol nuniber of terminal hydroxyl groups and total mol number of terminal car- 
boxyl groups in the hard conrponents or soft components. 

The epoxy compound to be employed in the present invention is a compound having at least one epoxy group in 
the molecula 

As such the compound, there are a bisphenoi type epoxy compound obtained by allowing to react bisphenol A with 

20 epichlorohydrin, a novolak type epoxy compound obtained by allowing to react a ncvolak resin with epichlorohydrin, pol- 
yglycidyl esters obtained by allowing to react a polycarboxylic acid with epichlorohydrin, an alicyclic compound type 
epoxy compound obtained from an alicyclic compound, glycidyl ethers obtained by allowing to react an aliphatic com- 
pound having alcoholic hydroxyl group with epichlorohydrin, an epoxidized butadiene, and an epoxy compound 
obtained from a compound having a double bond and a peroxide. Specifically, there are enumerated methylglycidyl 

25 ether, phenytglyddyl ether, diethyleneglycol diglycidyl ether, diglycldyl ester of hexahydrophthalic add. an epoxidized 
polybutadiene, and an epoxidized SBS, and the lil«. 

Such the epoxy compound is employed in order to produce hydroxy! groups at molecular terminals by reacting with 
terminal carboxyl groups at least one side in the above-described hard conponent and soft component. 

Accordingly, in the case that molecular terminals in the hard component and soft component are almost hydroxyl 

30 groups, the use amount thereof may be less. Contrarlly, in the case that molecular terminals in the hard component and 
soft component are almost cart>oxyl groups, the use amount thereof becomes more. It is employed in 0.8-2.0 times by 
mol based on the sum of total mol number of terminal hydroxyl groups and total mol number oif tenninal carboxyl groups 
in the hard components or soft components. More preferably, the epoxy compound is employed in 1 .0-1 .5 times by mol 
based on the content of cartx)xyi groups which is measured by an acid value in the hard components and the soft com- 

35 ponents. 

By employing at least one of the compounds having hydroxyl group or the epoxy compound, there is accelerated a 
reaction among the hard component, the soft component, and the compound containing isocyanate groups. By the 
reaction, it is clear that there is shortened a time for the preparation of the polyester elastomer and, further, there can 
be suppressed a dedine of physical properties by carboxyl groups. 

40 The compound containing isocyanate groups in the present invention is employed in the addition amount of 0.5-2 
times by mol. preferably 0.5-1 .0 times by mol based on the sum of total mol number of terminal hydroxyl groups and 
total mol number of terminal cart)Qxyl groups in the hard components and the soft ooniponents. Further, in another 
embodiment of the present invention, in the case that the above-descrtoed compounds having hydroxyl group are 
allowed to react in the polyester elastomer, those are employed in the addition amount of preferably 0.5-2 times by mol, 

45 and more preferably 0.5-1 .0 times by mol based on the sum of total mol number of terminal hydroxyl groups, total mol 
number of terminal carboxyl groups in the hard components and the soft components, and total mol number hydroxy! 
groups in the compound having hydroxyl groups. 

In the case of the preparation of the polyester elastomer, the compound containing isocyanate groups is supplied 
by adding in a melting state. Temperature for melt-kneading (a reaction temperature) of the compound containing iso- 

50 cyanate groups may be a temperature at which there can be actually melted the hard components, soft components, 
and the polyester elastomer produced. Usually, it is carried out at temperatures of 1 70-280°C. In the case that the reac- 
tion temperature is higher, there is required attention in a thermal decomposition of the hard components, soft compo- 
nents, and the polyester elastomer produced and, in the case that the reaction temperature is lower, there is required 
attention in crystallization and a dedine of reaction rate. Kneading time is 1-100 minutes or so, and it is decided 

ss depending upon condKions such as a mixing style, temperatures, and reaction of cartx>xylic acids described hereinaf- 
ter. Preferably, it is set up at 2-60 minutes. 

Reaction of such the compound containing an isocyanate group can be conducted in the presence of catalysts. As 
the catalysts, there can be employed every catalysts which can be employed for a reaction of usual isocyanates. there 
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can be enumerated amines and a variety of organometaliic compounds. As the amines, there can be enployed 
monoamines such as triethylamine and N,N-dimethylcyclohexyl amine, diamines such as N.N.N'.N'-tetramethyl ethyt- 
enediamine, triamines such as N.N,N',N'\N"-pentamethyl diethylenetriamine. and triethylenediamine, piperazine and 
cyclic amines which have an Imidazole structure in the molecule, other alcohol amines, and ether amines, and the like. 

5 As the organometaliic compounds, there can be mainly employed organic tin compounds and cartKXcylic salts thereof, 
and halides, specifically, there can be enumerated stannous octoate, dibutyltin diacetate. dibutyltin dilaurate. dibutyltin 
dimercaptide, dibutyltin thiocaitx>xylate, dibutyltin dimaleate, and dioctyltin dimercaptide. The catalysts may be 
enployed In combination of two or more. 

Such the catalysts may be simultaneously added with the compound containing an isocyanate groups and may be 

10 added after the compound containing isocyanate groups was in advance dispersed into the hard components and the 
soft components in a melting state and. contrarily, the catalysts may also be in advance dispersed. 

In the case that at least one kind of the compounds having hydroxy! group or the epoxy compounds are employed, 
those are in advance added into one or both of the hard components and the soft components in a melting state, and 
those may be in advance added into one or both of the hard components and the soft components in a melting state 

IS together with the compound containing isocyanate groups. In the case of employing at least one kind of the conpounds 
having hydroxyl group or the epoxy compounds, a reaction temperature may be a temperature at which there can be 
actually melted the hard components, soft conponents. and a resin produced, and it is preferably carried out at 170- 
280**C. In the case that the reaction temperature is higher, there occasionally occurs a thermal decomposition in the 
hard components, soft components, and a resin produced and. in the case that the reaction temperature is lower, there 

20 occasionally occur crystallization and a decline of reaction rate. Reaction period of time is preferably 1 -1 00 minutes or 
so. more preferably 2-60 minutes, and it Is decided depending upon a variety of conditions such as a mixing style and 
temperatures. 

In the case of employing at least one Kind of the compounds having hydroxyl group or the epoxy compounds, a 
reaction can be carried out in the presence of catalysts. As the catalysts, there can be employed every catalysts which 

25 can be employed for an esterification reaction of an ester with hydroxyl group and. as specific examples, those are met- 
als such as lithium, sodium, potassium, rubidium, cesium, magnesium, calcium, barium, strontium, zinc, aluminum, tita- 
nium, cobalt, germanium, tin, lead, antimony, arsenic, cerium, boron, cadmium, and manganese, oxides thereof, 
organometaliic compounds thereof, organic acid salts thereof, halides thereof, and alkoxides. and the like. Of those, as 
prefen'ed ones, there are the organometaliic compounds of tin, aluminum, and titanium, organic acid salts thereof, hal- 

30 ides tiiereof. and alkoxides thereof. As more preferred ones, tiiere are exemplified organotin compounds. For example, 
those are tin tetraacetate, monobutyltin hydroxide, monobutyltin tri-2-ethylhexanoate. dibutyltin oxide, dibutyltin dilau- 
rate. and tin dioctanoate. and the like. Further, as another one. there can be employed every compounds which can be 
employed for a reaction of epoxy groups, and there can be specifically enumerated amines, phosphorus compounds. 
caitx)xylic acids, organic sulfonic acids, sulfuric add. and metallic salts thereof which are acidic conpounds. Such tiie 

35 catalysts may be employed in combination of two or more kinds. 

Such the catalysts may be simultaneously added with at least one kind of the compounds containing hydroxyl 
group or the epoxy conpounds, or may be added after the conpounds were in advance dispersed into the hard com- 
ponents and/or the soft corrponents in a melting state and, contrarily. the catalysts may also be in advance dispersed. 
Othenvise. the compounds containing hydroxyl group or the epoxy conpounds may be added s^arately from each 

40 other. 

Although tiie respective reactions to be carried out in tiie present invention can be carried out even in an atmos- 
phere of oxygen and air. those can be preferably earned out in an atmosphere of an inert gas from a viewpoint of pre- 
venting discoloration of the polyester elastomer obtained. Specifically, there can be enumerated nitrogen, helium, 
argon, and methane, and the like. Although pressure changes depending upon reaction temperatures and physical 

45 properties of the conpound containing isocyanate groups. cart)oxylic acids, and catalysts to be employed, it is desirable 
in a range of preferably 0.001 -1 0 ton, and more preferably 0.01-2 torr. In the case that it becomes problematic that rea- 
gents are distilled out. it is preferred to maintain a high pressure and, contrarily, in order to remove residual low-boiling- 
ingrediertts, it is prefened to maintain not more than 0.1 Torr. 

In the present invention, the hard conponents. the soft conponents. compound containing isocyanate groups, the 

so conpounds containing hydroxyl group, the epoxy compounds, and the catalysts may be kneaded and allowed to react 
In a melting state by different methods, respectively. Further, the metiiods may be any one of a batchwise, semi-contin- 
uous, and continuous style. Still furtiier, form of apparatuses is not particularly limited, and there can be employed an 
agitation type reactor, a kneader type reactor, and an extruder type reactor, and the like. In addition, the above- 
described methods and apparatuses may be repeatedly employed, or employed in combination of two or more kinds. 

55 In the polyester elastomer obtained in tiie present invention, tiiere can be applied a variety of molding methods 
such as extrusion molding, inj ction molding, and blow molding, and it can be employed as a variety of molded articles, 
for example, tubes, hoses, films, sheets, packings. tx>tties, rolls, belts, gears, nameplates. covers, hooks, switches, res- 
inous springs, fasteners, outside mounting parts for cars, vibration damping materials, or coating agents. 
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EXAMPLES OF FIRST ASPECT OF THE INVErsfTION 

Hereinafter, although the present invention ie specifically illustrated t>y Examples, the present invention is not lim- 
ited by those. 

5 

(Method for evaluations) 

1 . Average molecular weight and Mw/Mn: It is a molecular weight based on a standard Polystyrene which is calcu- 
lated by a GPC (SO'^C, flow rate of 1 ml/rninute) measurement using a solvent of chlorofbrm/hexafluoro isopropa- 

10 nolB9/1 (volume ratio). 

2. Mett viscosity: It was measured at 240''C and 1 0 kg/cm^ using a Melt flow tester manufactured by Shimadzu Sei- 
sakusyo. 

IS 3. PBT/PCL (polycaprolactone) weight ratio: It was calculated by ^H-NMR. 

4. an average length in a block chain of PBT an average length in a block chain of PCL: it was calculated by ^^G- 
NMR. the Reference "Polymer Literatures" Vol. 49, No. 7, pp 561-568 (Jul, 1992); It Is to be noted that the average 
length in a block chain is an average length of a continuous chain stated in the literature, which is measured by the 

20 product of an average number of a continuous chain with a molecular weight of respective recunring units. 

5. Tensile strength, 50% Modulus (kg/cm^): JIS K7113 

6. Fracture strength (kg/cm^): JIS K71 13 

25 

7. Extension in fracture (%): JIS K71 13 
(Example 1) 

30 A batchwise style reaction vessel having capacity of 20 liter equipped with an agitator, a tube for supplying nitrogen, 
and an equipment for reducing pressure was charged with 12 kg of a polybutylene terephthalate having a nunt)er aver- 
age molecular weight of 19,000 (Duranate 400FP manufactured by Polyplastics. Ltd.) which is a crystalline aromatic 
polyester resin. 8 1^ of a polycaprolactone having a number average molecular weight of 10.000 (Placcel HIP manu- 
factured by Daicel Chemical. Ltd.) which is an aliphatic polyester resin, and 20 g of monobutyl tintris(2-ethylhexanate) 

35 which is a catalyst. Inside of the reaction vessel was sufficiently replaced with nitrogen, followed by melting while 
streaming nitrogen and heating at 230*'C. 

While maintaining the temperature at 230^0, pressure was reduced to 100 torr in a state of streaming nitrogen, fol- 
lowed by mixing while agitating for 20 minutes. After mixed, the reduced pressure was released, followed by giving pres- 
sure of 2 atmospheres and by preparing pellets with a pelletizer while cooling strands from contents through a water 

40 vessel. The pellets obtained were dried at leo^'G for 2 hours under streaming nitrogen. Subsequently, melt kneading 
was conducted at 240''C by feeding dried pellets into an inlet for feeding of a twin-screw extruder having an average 
residence time of 5 minutes at 15 kg/hour with a fixed-amount feeder, and feeding hexamethylene diisocyanate which 
is an isocyanate compound into the inlet for feeding of at 0.07 kg/hour with a fixed-amount feeder, and a polyester elas- 
tomer was obtained by cooling an extruded product. 

45 Table 1-1 shows an average molecular weight measured by a GPC, melt viscosity, of the elastomer, PBT/PCL 
weight ratio, an average length In a chain of PBT segment, and an average length in a chain of PCL segment, melting 
point, crystallization temperature, and results of tensile tests. 

(Comparative Example 1) 

so 

The same txitchwise style reaction vessel having capacity of 20 liter was likewise charged as in the Example 1 with 
1 2 kg of a polybutylene terephthalate having a number average molecular weight of 19,000 (Duranate 400FP manufac- 
tured by Polyplastics. Ltd.) which is a crystalline aromatic polyester resin, 8 kg of e-caprolactone monomer. Inside of the 
reaction vessel was replaced with nitrogen, fblkwed by melting while heating at 230°C. 
55 Agitation and mixing were carried out for 90 minutes while maintaining the temperature at 230**C in order to pro- 
ceed a ring-opening polymerization of e-caprolactone nmnomer and an esterification reaction. Further, agitation and 
mixing were carried out at the reduced pressure of 10 torr for 30 minutes to prepare a polyester elastomer after gradu- 
ally reducing pressure in a state of streaming nitrogen. Physical properties of the elastomer were also likewise meas- 
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ured as in the Example 1 after peaetized. Table M shows evaluation resuHs of the physical properties 
(Conparalive Example 2) 

d The same procechires were likewise followed as in the Comparative Example 1 , except that there was employed a 
polytiutylene terephthalate having a number average molecular weight of 41,000 (Duranate 800FP manufcictured by 
Polyplastics, Ltd.) which is a crystalline aromatic polyester resin (A). Table 1-1 shows evaluation results of the physical 
properties 

10 Table 1-1 

Measured Items 



IS 



so 



25 



30 



35 



40 



45 



SO 



Exeunple 1 



Humber average molecular weight (Mn) 

39,000 

ffw/Mn 2.88 
Melt viscosity (poise) 3,380 
PBT/PCL (weight ratio) 58/42 
Average length in a block chain of PBT 

2,700 

Average length in a block chain of PCL 

2,200 

50% Modulus (kg/cm^) 150 
Fracture strength (kg/cm*) 320 
Extension in fracture (%) 700 
Melting point ("C) 217 
Crystallization ten^erature ("C) 

156 



Conparative Example 



23,000 
2.13 
480 
61/39 

1,600 

1,300 
160 
170 
380 
207 

151 



53,000 
2.70 
5,330 
61/39 

1,300 

1,000 
150 
350 
690 
206 

145 



66 possiBiLinr OF utilization in industry by the first aspect of the invention 

As described hereinabove, according to the present invention, a polyester elastomer having a higher melting point 
can be readily obtained within a shortened time by allowing to react at least one selected from a crystalline aromatic 
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polyester which is a hard component and a-aliphatic polyester, a polyether, and a polycarbonate which are a soft c m- 
ponent with the above-described compound containing is cyanate groups, in a melting state r in the presence of at 
least one of a compound having hydroxy! groups which has two or more hydroxyl groups in the molecule or an epoxy 
compound. 

5 

TECHNICAL FIELD OF SECOND ASPECT OF THE INVENTION 

The present invention relates to a novel polyester elastomer. In more detail, it relates to a polyester elastomer 
obtained by allowing to react the hard component (A) and the soft component (B) in the first aspect of the invention with 
10 a compound (C) containing at least one Mnd of a compound which has at least two epoxy groups in the molecule in 
place of the compound containing Isocyanate groups in the first aspect of the invention. 

BACKGROUND ART OF THE SECOND ASPECT OF THE INVENTION 

IS There can be cited the same background art as in the first aspect of the invention, and there is left the same prob- 
lem to be solved. 

DISCLOSURE OF THE SECOND ASPECT OF THE INVENTION 

20 The present Invention aims at providing a polyester elastomer which has a higher melting point, and In which there 
is shortened a time for the preparation, as well as the purpose in the first aspect of the invention. 

The present inventors has found that the problems can be solved by a polyester elastomer obtained by allowing to 
react a aystalline aromatic polyester which is a hard component (A) with a particularly-selected resin or a specified 
compound containing an epoxy group which is a soft conponent (B). and attained a completion of the present invention. 

25 That Is, the present invention provides a polyester elastomer obtained by allowing to react a crystalline aromatic 
polyester which is a hard component (A), at least one kind selected from the group of an aliphatic polyester, a polyether, 
and a polycarbonate which are a soft component (B) with a compound (C) containing epoxy groups (hereinafter, 
refen-ed to as "compound (C) containing epoxy groups") containing an epoxy compound which has at least two epoxy 
groups in the molecule. 

30 Further, the present invention provkJes a polyester elastomer obtained by in advance allowing to react a crystalline 
aromatic polyester which is a hard component (A), at least one kind selected from an aliphatic polyester, a polyether. 
and a polycartx>nate which are a soft component (B}, and further at least one kind selected from a caiboxyllc add (D) 
(hereinafter, referred to as *'carboxylic acid (D)*^ having at least two cartx>xyl groups in the molecule or an acki anhy- 
dride thereof, and then by allowing to react the above-desaibed compound (C) containing epoxy groups. 

35 The polyester elastomers have a higher melting point, and those can be obtained in a short preparation time of 
period. 

BEST MODE FOR CARRYING OUT THE SECOND ASPECT OF THE INVENTION 

40 Hereinafter, the present invention is illustrated in detail. 

The crystalline aromatic polyester to be employed as a hard component (A) in the present invention is the same 
crystalline aromatic polyester to be employed in the first aspect of the invention. Total value of hydroxyl groups or car- 
boxylic groups which are terminal groups In the molecule is more prefenred in the vicinity of 2 equivalents/mol. In the 
case that the value Is excessively lower, a reaction with the compound (C) containing epoxy groups does not sufficiently 

45 proceed, resulting in that physical properties lower in a polymer produced. Contrarlly. in the case that It Is higher, gela- 
tion becomes apt to proceed in a polymer produced. 

On the other hand, in the case that a molecular weight is lower in the crystalline aromatic polyester, there increases 
the amount of the compound (C) containing epoxy groups, resulting in that it becomes difficult to obtain a polymer hav- 
ing a sufficient melting point. Contrarily, in the case tiiat the molecular weight is excessively higher, physical properties 

50 as an elastomer are not shown in a polymer produced. As prefen-ed specific examples of the crystalline aromatic poly- 
ester, there can be enumerated the same ones as shown in the first aspect of ttie invention. 

The aliphatic polyester, a polyether. and a polycarbonate which are employed as a soft component (B) in the 
present invention, which is a polymer (a raw material polymer) mainly containing ester bonds and/or etiier bonds, are 
the same ones as illustrated in the first aspect of the invention. Total value of hydroxyl groups or cart)oxylic groups which 

65 are terminal groups in the molecule is prefen-ed in 1 .5-2.5 equivalents/mol. and more prefen-ed in tiie vicinity of 2 equiv- 
alents/mol. In the case that tiie value is lower, a reaction witii the compound (C) containing epoxy groups does not suf- 
ficientiy proceed, resulting in that physical properties lower in a polymer produced. Contrarily, in tiie case that it is 
higher, gelation becomes apt to proceed in a polymer produced. 
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On the other hand, in the case that a molecular weight is lower in raw material polymers, ther inaeases the 
amount of the compound (C) containing epoxy groups to be employed, resulting in that It becomes difficult to obtain a 
polymer having a sufficient melting point. Contrarily. in the case that the molecular weight is excessively higher, physical 
properties as an elastomer are not shown in a polymer produced. Preferred specific exarnples of the raw material pol- 
5 ymers are the same as described in the first aspect of the invention. 

Of those, the polylactones are preferably employed as the soft component (B). 

The above-described hard component (A) and soft component (B) can be simultaneously employed in combination 
of two or more kinds, respectively. In the present invention, a composing ratio of the hard component (A) with respect 
to the soft component (B) is tiie hard component (Aythe soft component (B)=30/70-95/5 by weight, preferably 50/50- 

10 90/10. more preferably 60/40-80/20. In the case that the hard component (A) is less than 30 by weight ratio, crystalliza- 
tion is obstructed In the hard component (A), resulting in that physical properties lower in a polymer produced. Contra- 
rily, in the case that it is more than 95 by weight ratio, properties as an elastomer are not shown in a polymer produced. 

The compound (C) containing epoxy groups to be employed in the present invention is a compound containing at 
least one kind of an epoxy conrqdound having at least two epoxy groups in the molecule. It means a unitary compound 

16 and a mixture, and it may contain an epoxy compound having one epoxy group in one molecule. 

In the present invention, the compound (0) containing epoxy groups are enployed as a coupling agent. As the 
epoxy compound having at least two epoxy groups in the moieoile, there are a bisphenol type epoxy compound 
obtained by allowing to react bisphenol A with epichiorohydrin, a novolak type epoxy compound obtained by allowing to 
react a novolak resin with epichlorohydrin. polyglycidyl esters obtained by allowing to react a polycarboxylic add with 

20 epichlorohydrin, an alicyclic compound type epoxy compound obtained from an alicyclic compound, glycidyl ethers 
obtained by allowing to react an aliphatic compound having alcoholic hydroxyl group with epichlorohydrin. an epoxi- 
dlzed butadiene, and an epoxy compound obtained from a compound having a double bond and a peroxide. Specifi- 
cally, there are enumerated methylglycidyl ether, phenylglycidyl ether, a variety of glycidyl esters of a fatty add, 
diethyleneglycol diglycidylether, diglycidyl ester of phthalic acid, diglycidyl ester of hexafiydrophthalic add, an epoxi- 

25 dized pdybutadiene, and an epoxidized SBS. and the like. 

Furtfier. as another embodiment of the present invention, it is also preferred that terminal hydroxyl groups in the 
polyester elastomer are converted to cartx>xylic groups by at least one kind of compounds selected from the above- 
described carix)xylic acid (D) or an anhydride thereof (lx)th are collectively named as cart)oxylic adds). As the carbox- 
ylic add (D) having at least two cartx)xylic groups in the molecule, there can be enumerated dibasic acids such as oxalic 

30 acid, sucdnic acid, adipic acid, terephthalic acid, isophthalic acid, phthalic acid, and naphthalic acid. Since epoxy 
groups react witii cart)oxylic groups more quickly than with hydroxyl groups, the addition of at least one kind of com- 
pounds selected from the carboxylic adds or anhydrides thereof is prefen'ed from a viewpoint of a quick proceed of a 
coupling reaction by converting from terminal hiydroxyl groups to cartx}xylic groups in the polyester elastomer. 
It is to be noted that there substantially react all the carboxylic adds (D) or an anhydride thereof. 

35 The polyester elastomer of the present invention is obtained by allowing to react the compound (C) containing 
epoxy groups in the amount of epoxy groups thereof of preferably 0.5-2.0 times by mol, more preferably 0.5-1 .0 times 
mol based on a total mol number of temnlnal cait)oxyl groups in tiie above-described hard components (A) and soft 
components (B). Further, in another embodiment of the present invention, in the case that the polyester elastomer is a 
product obtained by allowing to react an acid anhydride of the above-described carboxylic add (D) in addition to the 

40 compound (C) containing epoxy groups, tiie cartx)xylic acid (D) is desirably allowed to react in an amount of carboxyl 
groups in which carboxyl groups (1 mol of tiie acid anhydride is looked upon as 1 mol of cartx)xyl groups) in tiie anhy- 
drkie of the cartxxxylic acid (D) are 0.1-2.0 times by mol, preferably 0.2-1 .0 times by mol of a total md number of temii- 
nal hydroxyl groups in tiie above-described hard components (A) and soft components (B). and tiie compound (0) 
containing epoxy groups is desirably allowed to react in an amount in which epoxy groups are preferably 0.5-2.0 times 

45 by mol. more preferably 0.5-1 .0 times by mol of a total mol number of cartxjxyl groups (1 mol of tiie acid anhydride is 
looked upon as 1 mol of carboxyl groups) In tiie hard components (A) and soft components (B). 

Still furtfier. as an other embodiment, in the case tiiat the polyester elastomer is obtained by allowing to react the 
above-described carboxylic acid (D) and an anhydride tiiereof, the carboxylic acid (D) is desirably allowed to react in an 
amount in which cart^oxyl groups are preferably 0.1-10 times by mol. more preferably 1-6 times by mol of a total mol 

so number of terminal hydroxyl groups and cartxxxyl groups in tiie above-described hard components (A) and soft compo- 
nents (B), the anhydride of tiie cartx)xylic acid (D) is desirably allowed to react in an amount in which carboxyl groups 
(1 mol of the add anhydride is looked upon as 1 mol of cartx)xy1 groups) are 0. 1 -2.0 times by mol. more preferably 0.2- 
1.0 times by mol of a total mol number of terminal hydroxyl groups in tiie above-described hard components (A) and 
soft components (B), and the compound (C) containing epoxy groups is desirably allowed to react In an amount In which 

55 epoxy groups are preferably 0.5-2.0 times by mol. more preferably 0.5-1 .0 times by mol of a total mol number of car- 
boxyl gr ups in tti hard components (A) and soft components (B) and carboxyl groups in tiie carboxylic acid (D) and 
an anhydride of tiiereof. 

In til preparation of the polyester elastomer, the compound (0) containing epoxy groups is allowed to react by 
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feeding in a melting state. Temperature (a reaction temperature) for melt-kneading the compound (C) containing epoxy 
groups may be temperatures at which there actually mett the hard oonponents (A), soft components (B). and a resin 
produced. Usually, it is carried out at temperatures of 1 70>280®C. In the case that the reaction temperatures are higher, 
there must be paid attention to a themnal decomposition In the hard components (A), the soft components (B), and a 
5 resin produced. In the case that the reaction temperatures are lower, there must be paid attention to crystallization and 
a decline in reaction rate. Time for kneading is 1-100 minutes or so. and it is decided according to conditions such as a 
mixing style and the temperatures, and reactions of the carboxylic acids desaibed hereinafter Preferably, it is set up at 
20-60 minutes. 

In the case that the above-described carboxylic adds (D) are employed, preferably, those are in advance added into 

10 one or both of the hard components (A) and the soft corrponents (B) in a melting state, and those may be in advance 
added into one or both of the hard components (A) and the soft components (B) In a melting state together with the 
compound (C) containing epoxy groups. In the case of containing the above-described carboxylic acids (D), a reaction 
temperature may be a temperature at which there can be actually melted the hard components (A), soft components 
(B), and a resin produced, and it is preferably carried out at 170-280''C. In the case that the reaction temperature is 

75 higher, there occasionally occurs a thermal decomposition in the hard components (A), soft components (B). and a 
resin produced and. in the case that the reaction temperature is tower, there occasionally occur crystallization and a 
decline of reaction rate. Reaction period of time is preferably 1-100 minutes or so. more preferably 2-60 minutes, and it 
is decided depending upon a variety of conditions such as a mixing style and temperatures. 

In a coupling reaction of the compound (C) containing epoxy groups, there are employed catalysts which include 

20 phosphines such as triphenylphc^hine and amines (tertiary), trielhylamine, dlazablcydoundecane and pirldine, and 
the like. Further, in a reaction of the hard components (A) and soft components (B) with the cartjoxylic acids, there are 
employed tin compounds, titanium compounds, and zirconium compounds. Of those, monobutyl tin and stannous chlo- 
ride are prefen^ed because of a high reaction rate. 

Such the catalysts may be simultaneously added with the compound (C) containing epoxy groups, or the com- 

25 pound (C) containing epoxy groups and the above-described carboxylic adds (D) or an anhydride thereof, or the cata- 
lysts may be added after the catalysts were in advance dispersed into the hard components (A) and/or the soft 
components (B) in a melting state and, contrarily. after the catalysts were in advance dispersed, there may be sepa- 
rately or simultaneously added the compound (C) containing epoxy groups, or the compound (C) containing epoxy 
groups arKi the above-described carboxylic acids (D) or an anhydride thereof. 

30 Although the respective reactions to be carried out in the present invention can be carried out even in an atmos- 
phere of oxygen and air, those can be preferably carried out in an atmosphere of an inert gas from a viewpoint of pre- 
venting discoloration of the polyester elastomer obtained. Specifically, there can be enumerated nitrogen, helium, 
argon, and methane, and the like. Although pressure changes depending upon reaction temperatures and properties 
of the compound (C) containing epoxy groups. cartx)xylic adds, and catalysts to be employed, it is desirable in a range 

35 of preferably 0.001 -10 atm. and more preferably 0.01-2 atm. In the case that it becomes problematic that raw materials 
are distilled out, it is preferred to maintain a high pressure and, contrarily. in order to remove residual low-boiling-ingre- 
dients, it is preferred to maintain not more than 0.1 atm. 

In the present invention, the hard components (A), the soft components (B), the compound (C) containing epoxy 
groups, the carboxylic acids (D) or the anhydride thereof, and the catalysts may be kneaded and allowed to react in a 

40 melting state by different methods, respectively. Further, the methods may be any one of a batchwise, semi-continuous, 
and continuous style. Still further, form of apparatuses is not particularly limited, and there can be employed an agitation 
type reactor, a kneader type reactor, and an extruder type reactor, and the like. In addition, the above-described meth- 
ods and apparatuses may be repeatedly employed, or einployed in combination of two or more kinds. 

In the polyester elastomer obtained In tiie present invention, tiiere can be applied a variety of molding methods 

45 such as extrusion molding, injection molding, and blow mokting, and it can be employed as a variety of molded artides, 
for example, tubes, hoses, films, sheets, packings, bottles, rolls, belts, gears, nameplates, covers, hiooks, switches, res- 
inous springs, fasteners, outside mounting parts for cars, vibration damping materials, or coating agents. 

EXAMPLES OF THE SECOND ASPECT OF INVENTION 

so 

Hereinafter, although the present invention is specificaily illustrated by Examples, the present invention is not lim- 
ited by those. It is to be noted that the number of Examples and Comparative Examples is newly given in respective 
inventions, hereinafter. 

55 (Method for evaluations) 

1 . Average molecular weight and Mw/Mn: It is the same as in tiie first aspect of the Invention. 
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2. Melt viscosity: It is the same as in th first aspect of the invention. 

3. Weight ratio of the hard conrqsonents (A)/lhe soft con^nents (B): It is the same as in the first aspect of the inven- 
tion. 

5 

4. Average chain length in the hard components (A) and average chain length in the soft components (B): It is the 
same as in the first aspect of the invention. 

5. Tensile strength. 50% Modulus (kg/cm^): JIS K7113 

10 

6. Fracture strength (l^cm?): JIS K7113 

7. Extension in fracture (%): JIS K71 13 
IS a Melting point CC): JIS K7121 

9. Crystallization temperature ("C): JIS K7121 
(Example 1) 

20 

A batchwise style reaction vessel having capacity of 20 liter equipped with an agitator, a tube for supplying nitrogen, 
and an equipment for reducing pressure was charged with 1 2 kg of a polybutylene terephthalate having a number aver- 
age molecular weight of 19,000 (Duranate 400FP manufactured by Polyplastics, Ltd.) which is a crystalline aromatic 
polyester resin, 8 kg of a pdycaprolactone having a number average molecular weight of 10,000 (Placcel HIP manu- 

25 fectured by Daicel Chemical. Ltd.) which is an aliphatic polyester resin, 0.42 kg of phthalic anhydride which is a cartsox- 
ylic anhydride having at least two carboxylic groups. 0. 1 g of triphenylphosphine which is a catalyst for a reaction of tiie 
compound (C) containing epoxy groups wrtti carboxylic groups, and 20 g of monobutyltin tris(2-ethylhexanate) which is 
a catalyst for a reaction of hydroxyl groups at terminals of polymer with the carboxylic anhydride. Inside of the reaction 
vessel was suff icientiy replaced with nitrogen, followed by melting while streaming nitrogen and heating at 230''C. 

30 While maintaining tiie temperature at 230''C. pressure was reduced to 10 ton" in a state of streaming nitrogen, fol- 
lowed by mixing while agitating for 20 minutes to make proceed the reaction of hydroxyl groups at terminals of polymer 
with the carboxylic anhydride. After mixed, the reduced pressure was released, followed by giving pressure of 2 atmos- 
pheres and by preparing pellets witii a pelletizer while cooling strands from contents flirough a water vessel. The pellets 
obtained were dried at 160^C for 2 hours under streaming nitrogen. 

35 Subsequentiy, melt kneading was earned out at 240°C by feeding dried pellets into an inlet for feeding of a twin- 
screw extruder having an average residence time of 5 minutes at 1 5 kg/hour with a fixed-amount feeder, and feeding an 
allcyclic-compound-type epoxy compound "Celloxide 2021" (3,4-epoxycyclohexylmetiiyl-3*,4'-epoxycyclohexanecar- 
boxylate manufactured by Daicel Chemical Industries, Ltd.) which is the compound (C) containing epoxy groups into tiie 
inlet for feeding at 0.265 kg/hour with a fixed-amount feeder, and a polyester elastomer was obtained. Time required for 

40 reaction was 25 minutes as described hereinabove. Table 1 -2 shows an average molecular weight measured by a GPC, 
melt viscosity, a weight ratio of ttie hard components (A)/tiie soft components (B). an average chain length in tiie hard 
conponents (A), and an average chain lengtii In the soft components (B). melting point, crystallization temperature, and 
results of tensile tests. 

45 (Comparative Example 1) 

The same batchwise style reaction vessel having capacity of 20 liter was likewise charged as in the Example 1 with 
12 kg of a polybutylene terephtiialate having a nunlber average molecular weight of 1 9.000 (Duranate 400FP manufac- 
tured by Polyplastics. Ltd.) which is a crystalline aromatic polyester resin, 8 kg of e-caprolactone monomer. Inskle of tiie 

5D reaction vessel was replaced witii nitrogen, followed by melting while heating at 230''C. 

Agitation and mixing were carried out for 90 minutes while maintaining the temperature at 230°C in order to make 
proceed a ring-opening polymerization of e-caprolactone monomer and an esterif ication reaction. Further, agitation and 
mixing were carried out at tiie reduced pressure of 10 torr for 30 minutes to prepare a polyester elastomer after gradu- 
ally reducing pressure in a state of sto'eaming nitrogen. Time required for reaction was 120 minutes as desaibed here- 

55 inabove. Physical properties of the elastomer were also likewise measured as in the Example 1 after pelletized. Table 
1-2 sh wsevaluati n results f the physical properties in th lastomer. 
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(Comparative Example 2) 

The same operations were likewise followed as in the Comparative Example 1 except that there was employed a 
polybutylene terephthalate having a number average molecular weight of 41 .000 (Duranate 800FP manufactured by 
5 Polyplastics, Ltd.) which is a crystalline aromatic polyester resin (A). Table 1 -2 shows evaluation results of the physical 
properties in the elastomer. 

Table 1-2 

10 

Measured items Exanqole 1 Comparative Example 



IS 

Number average molecular weight (Hn) 

48,000 23,000 53,000 

^ Mw/Mn 2.54 2,13 2.70 

Melt viscosity (poise) 4,670 480 5,330 

25 Hard conponent/Soft component (weight ratio) 

60/40 61/39 61/39 

Average length o£ a block chain in Hard coflq>onent 

3,100 1,600 1,300 

Average length of a block chain in Soft conqponent 

2,600 1,300 1,000 

50% Modulus (kg/cm^) 160 160 150 

Fracture strength (kg/cm^) 340 170 350 

Extension in fracture (%) 570 380 690 

Melting point (°C) 216 207 206 

Crystallization temperature (""C) 

157 151 145 



30 



35 



40 



4S 



SO 



ss 

POSSIBILITY OF UTILIZATION IN INDUSTRY BY THE SECOND ASPECT OF THE INVENTION 

As desaibed hereinabove, the polyester elastomer of the present Invention can be obtained within a shortened 
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time for the preparation by allowing to react a hard component (A) and a soft component (B) with a compound (C) con- 
taining epoxy groups, and which has a high melting point 

TECHNICAL FIELD OF THIRD ASPECT OF THE INVENTION 

5 

Third aspect of the invention relates to a polyester elastomer having an excellent hydrolysis resistance (a thernr)a(ly 
aging resistance). In more detail, it relates to a polyester elastomer which is excellent in a heat resistance, oil resist- 
ance, abrasion resistance, impact resistance, and hydrolysis resistance, and which can be preferably employed as 
parts for cars, large-sized machines, industrial machines, and home electric appliances such as hoses, tubes, belts. 
10 gears, connectors, tanks, parts for a battery, socket, covers for a code, and bumpers, and a process for the preparation 
thereof. 

BACKGROUND ART OF THE THIRD ASPECT OF THE INVENTION 

75 A polyester elastomer has been preferably employed as parts for cars, and the like owing to physical properties 
such as an excellent heat resistance, oil resistance, and impact resistance. 

However, the polyester elastomer has a serious disadvantage that it is poor in hydrolysis resistance, and there is a 
problem such as durability as parts for cars that it is apt to cause a thermal deterioration in molding, resulting in that an 
abrupt decline in strength and impact resistance and instability of melt viscosity in a molding process. Therefore, in 

20 order to improve the hydrolysis resistance of a polyester elastomer, there have been tried a variety of investigations until 
now. In JP-B-91 077826 Official Gazette, in order to Improve the hydrolysis resistance of a polyester elastomer, there is 
described the addition of 0.3-10% by weight of a monofunctional epoxy compound and a bifunctional epoxy compound. 
Further, in JP-B-94019267 Official Gazette, there is described the addition of an epoxy compound having one or more 
functionalities, a weatherability stabilizer, and a tertiary phosphine. By the methods, although there is obtained a certain 

25 level of an effect in an improvement, there is desired a further drastic improvement. 

DISCLOSURE OF THE THIRD ASPECT OF THE INVENTION 

The present invention aims at providing a polyester elastomer in which hydrolysis resistance is improved, and 
' 30 which is excellent in a heat resistance, oil resistance, abrasion resistance, and impact resistance. 

The present inventors have found that hydrolysis resistance is excellent in a polyester elastomer having a unique 
structure and a high melting point, in which a hard segment (A) is a polyester mainly composed of a polyalkylene naph- 
thalate and a soft segment (B) is an aliphatic polyester having an average block chain length of 1000-5000, and a proc- 
ess for the preparation thereof, and the present invention has been completed. 
35 That is, the present invention provides a polyester elastomer characterized in that a hard segment (A) is a polyester 
which has a melting point of 220-320*'C mainly composed of a polyalkylene naphthalate, and a soft segment (B) is an 
aliphatic polyester having an average block chain length of 1000-5000. 

Also, the present invention provides a process for the preparation of a polyester elastomer characterized in that a 
polyester which is a hard segment (A) mainly composed of a polyalkylene naphthalate which has a melting point of 220- 
40 320''C is coupled on an aliphatic polyester which is a soft segment (B). 

BEST MODE FOR CARRYING OUT THE THIRD ASPECT OF THE INVENTION 

Hereinafter, the present invention is illustrated in detail. 

45 The hard segment (A) in the polyester elastomer of the present invention is an aromatic polyester mainly composed 
of a polyalkylene naphthalate, and rt is an aromatic polyester which has a relatively high melting point of 220-320''C, 
and preferably 230-300''C. In the case that the melting point is less than 220''C, there also exists a use incapable of 
using in view of heat resistance. Also, in the case that the melting point exceed 320°C, decomposition is unpreferably 
caused in the soft segment (B). The aromatic polyester is a polyester obtained by a condensation reaction of naphtha- 

50 lene dicarboxylic acid or a lower ester thereof with a glycol. As the glycol. Xh&rQ can be exemplified ethylene glycol, 
diethylene glycol, 1 ,4-butane diol, and 1 ,6-hexane diol, and cyclohexane dimethanol, and the like. 

Proportion of the polyalkylene naphthalate in the hard segment (A) is preferably not less than 60% by weight, more 
preferably not less than 80% by weight, and most preferably not less than 90% by weight. In the case that the proportion 
of the polyalkylene naphthalate is less than 60%, there unpreferably lower a hydrolysis resistance and a heat resistance 

55 in the polyester elastomer obtained. Components other than the polyalkylene naphthalate in the above-described aro- 
matic poly sterar a polyester in which th r isempi yed an aromatic dicarboxylic acid typified by terephthalic acid and 
isophthalic add or a lower ester thereof as raw materials, and those are cocondensed with naphthalene dicartxxxylic 
acid or a lower ester thereof. 



14 



EP0893463A1 

Components in the soft segment (B) composing the polyester elastom r of the present invention are an aliphatic 
polyester having an average block chain length of 1000-5000. The aliphatic polyester Is a polymer mainly composed of 
ester bonds and/or ether bonds, and it has hydroxyl groups or carboxyl groups at nriolecular terminals. There is 
employed an aliphatic polyester having an average block chain length of 1000-5000. preferably 1500-4000. and more 
5 preferably 2000-3000 which is measured by ^^C-NMR. In the case that the average block chain length is less than 1 000. 
there unpreferably lower rigidness and heat resistance. Further, in the case of exceeding 5000, ductility unpreferably 
lowers. 

As the aliphatic polyester, there are typically enumerated pdylactones, condensates of an aliphatic dibasic acid 
with a glycol, and a variety of condensates of hydroxyalkyi cart)oxytic adds. As specific examples thereof, there are 

10 exemplified a polycaprotactone and a caprolactone-based copolymer (these are named pdycaprolactones), conden- 
sates of adipic acid with ethyteneglycol, 1,4-butanediol, and neopentyl glycol, and condensates of sebasic add or suc- 
cinic add with the above-desaibed glycds. and the tike. Of those, the polycaprolactones. above all, the polycaprolacton 
is preferred as the soft segment (B). 

In the proration of the polyester elastomer, as a mixing proportion of the hard segment (A) with the soft segment 

IS (B), the hard segment (A) preferably ranges in 50-95% by weight (total of the hard segment (A) and the soft segment 
(B) is 100% by weight), more preferably in 60-90% by weight, and most preferably in 60^0% by weight. In the case that 
the hard segment (A) is less than 50% by weight, rigidness and heat resistance unpreferably lower in the polyester elas- 
tomer obtained. Further, in the case of exceeding 95% by weight, ductility is unpreferably poor In the polyester elas- 
tomer. 

20 Reaction temperature in a coupling reaction desirably ranges from a melting point of a polyester mainly conposed 
of a polyalkylene naphthalate which is the hard segment (A) which is a raw material to ZOO^C. In the case of exceeding 
SOO^C, (there are caused an esterification reaction and a depolymerization reaction), decomposition and discoloration 
are unpreferably caused. Reaction period of time is preferably from 10 minute to 2 hours, and more preferably from 20 
minute to 1 hour. In the case of less than 10 minutes, reaction is insufficient, resulting in that rigidness and elastidty are 

25 lower. Also, in the case of exceeding 2 hours, there proceed an esterification reaction and a depolymerization reaction, 
and a dedine of strength and discoloration are unpreferably caused. As a preparation apparatus, one extruder is 
employed in order to melt knead by feeding the hard segment (A) resin and the soft segment (B) resin, respectively, or 
a heating roll or a Banbury mixer is employed In order to melt knead, followed by pelletizing and crushing. 

In the coupling reaction, there may be added an isocyanate group-contained compound having at least one isocy- 

30 anate group in the identical molecule. As the isocyanate group-contained compound, there can be enumerated the 
same isocyanate group-contained compound as in the first aspect of the invention. Of those, hexamethylene diisocy- 
anate is preferably employed. 

In the polyester elastomer obtained by the present Invention, there can be optionally mixed a variety of additives, 
for example, a thermal stabilizer, a crosslinking agent, an ultraviolet ray absorbent, or inorganic fillers such as silica. 

35 talc, and carbon, and softeners such as plasticizers and oils. 

Also, the polyester elastomer of the present invention is excellent in a heat resistance, oil resistance, abrasion 
resistance, impact resistance, and hydrolysis resistance, and from which a composition is prepared solely or in combi- 
nation with other resins, and it can be put to practical use as a variety of moteled articles such as sheets, films, a variety 
of shaped molded articles by injection, and blow-molded articles. 

40 Further, the polyester elastomer of the present invention or the composition therefrom can be employed as materi- 
als for parts for cars, large-sized machines, industrial machines, and home electric appliances such as hoses, tubes, 
belts, gears, connectors, tanks, parts for a battery, socket, covers fbr a code, and bumpers by mokling solely or in com- 
bination with other resins. 

45 EXAMPLES OF THE THIRD ASPECT OF INVENTION 

Hereinafter, although the present invention is specifically illustrated tsy Examples, the present invention is not lim- 
ited by those. 

so (Method for measurements and evaluations) 

1 . Melt viscosity: it is the same as in the first aspect of the invention. 

2. Weight ratio of A/B: It is the same as in the first aspect of the invention. 

55 

3. Average chain length of A and average chain length of B: It is the same as In the first aspect of the invention. 

4. Tensile strerigth. 50% Modulus (kg/cm^): JIS K71 13 
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5. Fracture strength (kg/cm^: JIS K71 13 

6. Extension in fracture (%): JIS K7113 
5 7. Melting point (*»C): JIS K7121 

8. Crystallization temperature (**C): JIS K7121 

9. Hardness (Shore D): JIS K721 5 

io 

(Example 1) 

There were fed a polyethylene terephthalate (manufactured by Teijin. melting point of 270''C) and a polycaprolac- 
tone (Placcel HIP) manulactured by Daice! Chemical Industries. Ltd., into an inlet for feeding of a twln^crew extruder 

IS having an average residence time of 10 minutes In a proportion of 6 kg/hour and 4 kg/hour, respectively. In the extruder, 
melt mixing was conducted at 280^C, and extruded strands were cooled by a dried air for cooling, followed by cutting 
with a pelletizer. The extruded strands were slightly opaque in a melting state. So, in order to further make proceed the 
reaction of the polyethylene terephthalate with the polycaprotactone, pellets obtained were melt mixed using the same 
extruder at 280''C for approximately 10 minutes. The extruded strands became transparent in a melting state. The 

20 strands were cooled by a dried air for cooling, followed by cutting with a pelletizer to obtain a pellet-state polyester elas- 
tomer (1). 

(Example 2) 

25 There were fed pellets of the polyester elastomer (1) obtained in the Example 1 into an inlet for feeding of a twin- 
screw extruder having an average residence time of 5 minutes in a proportion of 1 .5 kg/hour with a fixed-volume feeder. 

Simultaneously, there was fed hexamethylene diisocyanate which is an isocyanate compound Into an inlet for feed- 
ing of the same extruder in 0.3 kg/hour with a fixed-volume pump to melt mix at 280''C. As described above, there was 
earned out a chain extension of the polyester elastomer (1) to obtain a polyester elastomer (2). Table 1-3 shows phys- 

30 leal properties and mechanical properties in the polyester elastomers (1) and (2) obtained in the Examples 1 and 2. 
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Tabl 1-3 



TO 



IS 



20 



25 



30 



35 



Example 1 ' Example 2 

Melt viscosity 2,700 14,900 

A/B (weight ratio) 60/40 60/40 

Average length of a block chain in A 

3,400 3,200 

Average length of a block chain in B 

2,500 2,100 

50% Modulus (kg/cmM 60 60 

Fracture strength (kg/cm^) 280 390 

Extension in fracture (%) 480 700 

Melting point 216 212 
Crystallization temperature CC) 

109 105 

Hardness (Shore D) 34 33 



40 



POSSIBILITY OF UTILIZATION IN INDUSTRY BY THE THIRD ASPECT OF THE INVENTION 



As described hereinabove, the polyester elastomer of the present invention, in which hydrolysis resistance is 
improved, has an excellent heat resistance, oil resistance, abrasion resistance, and impact resistance. The elastomer 
45 alone and a composition therefrom are employed solely or in combination with other resins, and those can be put to 
practical use as a variety of molded articles such as sheets, films, a variety of molded articles by injection, and blow- 
molded articles. 



so 



55 



TECHNICAL FIELD OF FOURTH ASPECT OF THE INVENTION 

The present invention relates to a process for the preparation of a polyester elastomer. In more detail, it relates to 
a process for the preparation of a polyester elastomer which is excellent in a heat resistance and rigidity, from an aro- 
matic polyester, an aliphatic polyester which have a specified molecular weight, and a dibasic acid or an anhydride 
thereof. 

BACKGROUND ART OF THE FOURTH ASPECT OF THE INVENTION 

There has been known a polyester elastomer in which there is employed an aromatic polyester since a long time 



17 



EP0893463A1 

ago. In JP-B-730041 15, JP-B-730041 16, and JP-B-77049037 Official Gazettes, there are disclosed a process for the 
preparation of a polyester elastomer by a ring-opening addition polymerization of lactones (in alt Examples, lactone 
monomers) with an aromatic polyester (molecular weight of 500-not less than 8000), and then simultaneously carrying 
out a pdycondensation and an esterif ication reaction in an identical reaction system, and a process for the preparation 
5 of a polyester elastomer by allowing to react a polyfunctional acylation agent. Further. In JP-A'05043666. JP-A- 
05059192, and JP-A-051 16263 Official Gazettes, there are disclosed a process for the preparation of a polyester elas- 
tomer by mixing and allowing to react an aromatic polyester (relative viscosity of 1 .52) and a lactone monomer with an 
extruder. 

* Atthough the polyester elastomers obtained by the processes in which the lactone monomers are employed are 
10 excellent in elasticity and ductility, since it Is Insufficient in heat resistance and rigidity, it is occasionally difficult to 
employ depending upon uses. 

DISCLOSURE OF THE FOURTH ASPECT OF THE INVENTION 

IS The present invention provides a process for the preparation of a polyester elastomer in which not only elasticity 
and ductility, but also heat resistance and rigidity are improved. 

In the case of a reaction of an aromatic polyester resin with a lactone monomer, although there simultaneously pro- 
ceed a ring-opening addition polymerization, an esterification reaction, and a pdycondensation, there predominantly 
proceed the ring-opening addition polymerization and tiie esterification reaction. 

20 Accordingly, there become botii short a chain length of an aromatic polyester segment and a chain length of a poly- 
lactone segment in a polyester elastomer produced, whereby, as physical properties of elastomers, atthough elasticity 
and ductility become excellent, heat resistance and rigidity become insufficient. 

The present Inventors, as a result of an intensive investigation for solving the above-described problems, have 
found tiiat ttie problems can be solved by a process for the preparation in which ttiere is carried out a condensation 

25 reaction of a specified proportion of an aromatic polyester resin (A) having a specified molecular weight range and an 
aliphatic polyester resin (B) having a specified molecular weight range with an optional necessary amount of a dibasic 
acid (C) or an anhydride tiiereof in a melting state, and tiie present invention has been completed. That Is. the present 
invention provides a process for the preparation, in which an esterification reaction is suppressed, of a polyester elas- 
tomer having a long segment chain which is excellent In a heat resistance and rigidity by carrying out a condensation 

30 reaction (polycondensation) in a melting state 30-95% by weight of an aromatic polyester resin (A) having a number 
average molecular weight of 1,000-60,000 and 70-5% by weight of an aliphatic polyester resin (B) having a number 
average molecular weight of 1 .000-40,000 wtth 0-1 0 parts by weight of a dibasic acid (C) or an anhydride thereof based 
on 100 parts by weight of tiie total amount of the (A) and (B)! 

35 BEST MODE FOR CARRYING OUT THE FOURTH ASPECT OF THE INVENTION 

Hereinafter, tiie present invention is illustrated In detail. 

The aromatic polyester resin (A) to be employed in the present invention is an aromatic polyester resin which is 
obtained by a polycondensation of an aromatic dibasic acid which includes a dlcartx>xy[ic acid having a benzene ring 

40 such as terephthallc acid and Isophthalic add. a dicarboxylic acid having a naphthalene ring such as naphtiialene-1 .5- 
dicartxixylic acid and naphtiialene-2,6-dicart>oxylic acid, and derivatives tiiereof capable of forming an ester, or an ester 
thereof wtth a variety of glycols such as diol which includes aliphatic glycols such as ettryleneglycol. trimettiyleneglycol, 
1,4-butanediol, hexamefliyleneglycol, dietiiyleneglycol, and cydohexanediol. or an aromatic diol such as 1,44)is(2- 
oxyettioxy)benzene and blsphenol A. or derivatives tiiereof capable of forming an ester, a polycondensation of an aro- 

4S matic carboxylic acid having hydroxyl group, and a polycondensation of a diphenol compound with a halogenated diba- 
sic acid, and the like. Particularly, tiiere is preferably employed a polycondensate of terephthallc acid or naphthalene 
dicartxixylic acids witii a variety of glycols. These have hydroxyl groups or cartxsxylic groups as terminal functional 
groups. 

The above-described aromatic polyester resin (A) has a number average molecular weight ran^ng in 1.000- 
so 60,000. preferably 10,000-40,000 and. particularly, more preferably 20,000-30,000. In tiie case ttiat the number aver- 
age molecular weight is less than 1 .000. there unpreferably lower a heat resistance and rigidity in a polyester elastomer 
produced and, in the case of exceeding 60.000. tiiere becomes excessively low the concentiration of terminal functional 
groups, unpreferably resulting in that the condensation reaction does not readily proceed. 

The aliphatic polyester resin (B) to be employed in the present invention is a resin obtained by a ring-opening 
55 polymerization of lactones such as valerolactone, caprolactone, and laurolactone, or a polycondensation of a cart>oxylic 
acid having hydroxyl group, or a polycondensation of a dibasic add (ester) with the above-described variety of glycols 
and. particulariy. there are preferably employed polycaprolactones and a variety of polyadipates. There Is prefen-ed a 
resin having hydroxyl gr ups of n t less than 90%. and preferably not less tiian 98% as the terminal functional groups 
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in the aliphatic polyester resin (B). from a viewpoint of readily causing the polycondensation with the aroniatic polyester 
resin (A). As an examplep in the case of citing a resin obtained by the ring-opening polymerization of lactones, such the 
resin is readily obtained by employing glycols as initiators. 

The aliphatic polyester resin (B) has a number average molecular weight ranging in 1.000-40.000, preferably 

5 2.000-20,000 and, particularly, more preferably 5,000-10,000. In the case that the number average molecular weight is 
less than 1,000. there unpreferably lower a heat resistance and rigidity in a polyester elastomer produced and. in the 
case of exceeding 40.000, there becomes excessively lower the concentration of terminal functional groups, unprefer- 
ably resulting in that the condensation reaction does not readily proceed. 

As the dibasic add (C) or an acid anhydride thereof to be employed in the present invention, there can be enumer- 

10 ated oxalic acid, succinic acid, adipic acid, terephthalic acid, isophthalic acid, naphthalene dicarboxylic acids, and acid 
anhydrides thereof capable of existing. In the present invention, tiie addition of the dibasic acid (C) or an acid anhydride 
thereof is effective tor adjusting the concentration of temiinal hydroxyl groups and the concentration of terminal hydroxyl 
groups. 

The addition amount ranges in 0-10 parts by weight, and preferably 0.1-5 parts by weight based on 100 parts by 
IS weight of the total amount of the aromatic polyester resin (A) and the aliphatic polyester resin (B). 

In the present invention, as the terminal functional groups in tiie aromatic polyester resin (A) and the aliphatic pol- 
yester resin (B). tiiere are enumerated functional groups capable of carrying out tiie condensation reaction, for exam- 
ple, hydroxyl group, carboxyt group, ester group, and phenolic hydroxyl group. 

Of those, there is prefenred a combination of hydroxyl groups with carboxyl groups. 
20 In the preparation of the polyester elastomer, as the mixing proportion of the aromatic polyester resin (A) with 
respect to tiie aliphatic polyester resin (B), the (A) ranges in 30-95% by weight (total of the (A) and the (B) is 100% by 
weight), preferably 40-80% by weight, and more preferably 60-70% by weight. In ttie case that the (A) is less ttian 30% 
by weight, there unpreferably lower rigidity, heat resistance, and oil resistance in a polyester elastomer produced. Fur- 
ther, in the case of exceeding 95% by weight, tiiere unpreferably lower impact resistance and elasticity in a polyester 
2$ elastomer produced. 

In the present invention, it is important to adjust the kind of the total terminal functional groups in the aromatic pol- 
yester resin (A), the aliphatic polyester resin (B), and the dibasic acid (C) or an add anhydride thereof in a sense of con- 
trolling a molecular weight of an elastomer produced. The proportion of the mol amount (X) of (cartx3xyl groups + ester 
groups) with respect to the mol amount (Y) of (hydroxyl groups + phenolic hydroxyl groups) in the case of feeding, tiiat 
30 is, the (X)/(Y) is preferred in a ratio of 0.8/1 -1 .2/1 , whereby, a molecular weight of an elastomer produced can be pref- 
erably adjusted to a higher value. By tiie way. altiiough there is not particularly limited a number average molecular 
weight of the polyester elastomer obtained in the present invention, it preferably ranges in 40.000-300,000 from a view- 
point of rigidity and heat resistance. 

Furtiier. the terminal functional groups in tiie polyester elastomer produced can be also finally terminated by a reac- 
ts tion in order to siqdpress an esterif ication reaction and a hydrolysis reaction. In the case of carboxyl groups, tiiere is usu- 
ally carried out an amide-termination by caitx)xydiimide, or a secondary (or a primary) hydroxyl group-termination by 
an epoxy compound. Also in the case of hydroxyl groups, those can be terminated by a coupling reaction with an iso- 
cyanate and epoxy compound. 

Reaction temperature desirably ranges from a melting point of the aromatic polyester resin (A) which is a raw mate- 
40 rial to 300''C. In the case of exceeding 300®C. there are caused an esterif ication reaction and a depolymerization reac- 
tion, and a dedine of strength and discoloration are unpreferably caused. 

Reaction (condensation reaction) period of time is preferably from 10 minute to 2 hours, more preferably from 20 
minute to 1 hour. In the case of less than 1 0 nmnutes. reaction is insuff ident. resulting in that rigidness and elastidty are 
lower. Further, in the case of exceeding 2 hours, tiiere proceed an esterification reaction and a depolymerization reac- 
45 tion, and a dedine of strengtii and discoloration are unpreferably caused. 

In order to suffidently allow to proceed tiie condensation reaction, water or glycols are preferably removed at 
reduced pressures. It is desirable to adjust to a range of preferably 0.1-10 ton', and more preferably 0.2-2 torn 

Also, in order to accelerate tiie condensation reaction accompanied by dehydration in tiie present invention, there 
are preferably employed catalysts for a condensation reaction accompanied by dehydration. As tiie catalysts to be 
so employed, there are enumerated tin-based catalysts, titanium-based catalysts, and zirconium-based catalysts, and tiie 
like. Of those, tiiere are prefen^ed stannous chloride and monobutyltin tiris(2-ethylhexanate) in view of a large reaction 
rate. Addition proportion of tiie catalysts ranges in 1-5000 ppm, preferably 10-100 ppm, and more preferably 20-50 ppm 
based on a polyester elastomer produced. In the case of less ttian 1 ppm. tiiere is not shown an effect as tiie catalysts. 
Further, in the case of exceeding 5000 ppm. there proceed an esterification reaction and a depolymerization reaction, 
ss and a dedine of strengtii and discoloration are unpreferably caused. 

As apparatuses for the preparation, tiiere is preferably employed a continuous apparatus equipped witii a dehydra- 
tion equipment. Otiienivlse, even in a batchwise apparatus, tiiere is preferably employed a reaction vessel having shal- 
low deptii. a wide evaporati n area, and high agitation efficiency for elevating efficiency in removal of water. 
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As specific examples of the c ntlnuous apparatus, ther are enumerated continuous apparatus such as a static 
mixer not equipped with movable agitation parts, a vertical type reactor equipped with a screw, a tiiin-layer evaporator 
type reactor, a ventilation-type single or twin screw extruder having a structure capable of streaming a heating medium 
through a screw. 

5 Condensation reaction can be continuously carried utbyth apparatus alone r combined apparatuses in combi- 
nation with a degassing equipment at reduced pressures. 

In ttie polyester elastomer obtained by tiie process of the present Invention, tiiere can be optionally mixed a variety 
of additives, for example, a heat stabilizer, a crossiinking agent, an ultraviolet ray absorbent, or inorganic fillers such as 
silica, talc, and caibon, and softeners such as plasticizers and oils. 

10 The polyester elastomer obtained by ttie process of the present invention can be put to practical use as a variety 
of molded articles such as sheets, films, a variety of molded articles by injection, and blow-molded articles. Furtiier. it 
can be employed as materials for parts for cars, large-sized machines, industrial machines, home electric appliances, 
and toys which include hoses, tubes, belts, gears, connectors, tanks, parts for a battery, socket, covers for a code, and 
bumpers by molding solely or in combination with other resins. 

75 

EXAMPLES OF THE FOURTH ASPECT OF INVENTION 

Hereinafter, aKhough the present invention is specifically illustrated by Examples, ttie present invention is not lim- 
ited by those. 

20 

(Mettiod for evaluations) 

1 . Average molecular weight and Mw/Mn: It is tiie same as in,the first aspect of the invention. 
25 2. Melt viscosity: It is the same as in the first aspect of the invention. 

3. PBT/PCL weight ratio: It is the same as in tiie first aspect of the invention. 

4. Average chain length of PBT, average chain tengtti of the PCL (unit): ft is the same as in the first aspect of tiie 
30 invention. 

5. Tensile strengtti, 50% Modulus (l^cm^: JIS K71 13 

6. Fracture strengtti (kg/cm^): JIS K7113 

35 

7. Extension in fracture (%): JIS K71 13 
(Example 1) 

40 A batchwise style reaction vessel having capacity of 20 liter equipped with an agitator, a tube for supplying nitrogen, 
and an equipment for reducing pressure was charged witti 12 kg of a polybutylene terephthalate having a number aver- 
age molecular weight of 19,000 (Duranate 400FP manufactured by Polypiastics. Ltd.) which is an aromatic polyester 
resin (A), 8 kg of a polycaprolactone having a number average molecular weight of 10,000 (Placcel HIP manufactured 
by Dalcet Chemical, Ltd.) which is an aliphatic polyester resin (B), 0.21 kg of phthalic anhydride, and 2 g of monobutyftln 

45 tris(2-ethylhexanate) which is a catalyst for a condensation reaction accompanied by dehydration. Inside of tiie reaction 
vessel was sufficientiy replaced witti nitrogen, followed by melting while streaming nitrogen and heating at 230''C. 

While maintaining ttie temperature at 230*^0, pressure was reduced to 1 00 torr in a state of streaming nitrogen, fol- 
lowed by mixing while agitating for 20 minutes. After mixed, ttie reduced pressure was released, followed by giving pres- 
sure of 2 atmospheres and by preparing pellets with a pelletizer while cooling strands tiirough a water tank. The pellets 

50 obtained were dried at 160^0 for 2 hours under streaming nita'ogen to obtain a polyester elastomer. 

Table 1 -4 shov^ an average molecular weight measured by a GPC, melt viscosity, a weight ratio of PBT/PCI^ an 
average chain lengtii of a PBT segment, and an average chain lengtii of a PCL segment, a mefting point, crystallization 
temperature, and results of tensile tests. 

ss (Example 2) 

Dried pellets obtained in the Example 1 was fed into an inlet for feeding of a twin-screw extruder equipped witti a 
degassing equipment having an average residence time of 10 minutes to can-y out a condensation reaction accompa- 
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nied by dehydration under the cx)ndrtions of 220°C and 0.5 torr. Pellets obtained were dried at 160''C for 2 hours under 
nitrogen atmosphere to obtain a polyester elastomer. Table 1-4 shows evaluation results of physical properties. 

(Ck)mparative Example 1) 

5 

The same batchwise style reaction vessel having capacity of 20 liter was charged as in the Exanple 1 with 12 kg 
of a polybutylene ter^hthalate having a number average molecular weight of 19.000 (Duranate 400FP manufactured 
by Polyplastics. Ltd.) which is a crystalline aromatic polyester resin (A), 8 kg of c-caprolactone monomer. Inside of the 
reaction vessel was sufficiently replaced with nitrogen, followed by melting while heating at 230''C. Mixing and agitation 
10 were earned out tor 90 minutes while maintaining the temperature at 230*^0 in order to carried out a ring-opening polym- 
erization of c-caprolactone monomer and an esterif ication reaction. Further, agitation and mixing were conducted at the 
reduced pressure of 10 tonr for 30 minutes after gradually reducing pressure in a state of streaming nitrogen to prepare 
a polyester elastomer. Physical properties of the elastomer were also likewise measured as in the Exanple 1 after pel- 
letized. Table 1-4 shows results obtained. 

IS 

(Comparative Example 2) 

The same operations were likewise followed as in the Comparative Example 1 except that there was employed a 
polybutylene ter^phthalate having a number average molecular weight of 41,000 (Duranate 800FP manufactured by 
20 Polyplastics. Ltd.) which is a crystalline aromatic polyester resin (A). 

Physical properties of tiie elastomer were also likewise measured as In the Example 1 after pelletized. Table 1-4 
shows results obtained. 
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Table 1-4 

Measured items Example 

1 2 

Number average molecular weight (Mn) 

40,000 71,000 
Mw/Mn 2.45 2.64 

Melt viscosity (poise) 

4,810 8,260 

PBT/PCL (weight ratio) 

59/41 59/41 
Average length of chain in PBT block 

10,000 9,300 
Average length of chain in PCL block 

4,200 3,900 
50% Modulus (kg/cm^ 160 150 
Fracture strength (kg/cm*) 

320 470 
Extension in fracture (%) 

530 850 

Melting point ('C) 219 216 

Crystallization temperature ("C) 

158 156 



Comparative Exanple 

1 2 

23,000 53,000 

2.13 2.70 

480 5,330 

61/39 61/39 

1,600 1,300 

1,300 1,000 

160 150 



170 

380 
207 

151 



350 

690 
206 

145 



POSSIBILITY OF UTILIZATION IN INDUSTRY BY THE FOURTH ASPECT OF THE INVENTION 

By the process for the preparation of the present invention, an esterif ication reaction is controlled, and a conden- 
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sation reaction is effiderrtiy carried out. As a result there can be obtained a polyester elastomer having an excellent 
heat resistance and rigidity. 

TECHNICAL FIELD OF FIFTH ASPECT OF THE INVENTION 

5 

The present invention relates to a polyester elastomer composition having an excellent hydrolysis resistance (a 
thermally aging resistance). In more detail, it relates to a polyester elastomer composition which is excellent in a heat 
resistance, oil resistance, abrasion resistance, impact resistance, and hydrolysis resistance, and which can be prefer- 
ably employed as parts for cars, large-sized machines, machines for industries, and home electric appliances, and the 
10 like, such as hoses, tubes, belts, gears, connectors, tanks, parts for a battery, socket, covers for a code, and bumpers. 

BACKGROUND ART OF THE FIFTH ASPECT OF THE INVENTION 

There can be enumerated the same background art as in the third aspect of the invention, and there has been 
15 desired a further drastic improvement regarding hydrolysis resistance in a polyester elastomer. 

DISCLOSURE OF THE FIFTH ASPECT OF THE INVENTION 

The present invention aims at providing a polyester elastomer composition in which there is improved hydrolysis 
20 resistance in a polyester elastomer, and which is excellent in a heat resistance, oil resistance, abrasion resistance, and 
impact resistance. 

The present inventors have found that there can be obtained a polyester elastomer composition which is excellent 
in a heat resistance, oil resistance, abrasion resistance, and impact resistance by mixing a polyester elastomer (A) with 
a specified amount of an epoxy-modif led polymer (B). and the present invention has been conpleted. 

25 That is. the present invention provides a polyester elastomer composition which comprises 30-90% by weight of a 
polyester elastomer (A) and 70-10% by weight (total of both is 100% by weight) of an epoxy-modified polymer (B). Fur- 
ther, there are provided a polyester elastomer composition in which the polyester elastomer (A) contains a polybutylene 
terephthalate as a hard segment, and at least one kind selected from the group consisting of an aliphatic polyester, pol- 
yether. and potycartx)nate as a soft segment, and a polyester elastomer composition in which the aliphatic polyester 

30 composing the soft segment is a polycaprolactone component. 

Still further, there is provided a polyester elastomer composition in which the epoxy-modified polymer (B) is an 
epoxidized (partially hydrogenated) block copolymer, or a glycidyl(m6th)acrylate-modified (graft-modified) or copolym- 
erized polyethylene. It is to be noted that the "(partially hydrogenated) block copolymer" means a block copolymer or a 
partially hydrogenated block copolymer. 

35 

BEST MODE FOR CARRYING OUT THE FIFTH ASPECT OF THE INVENTION 
Hereinafter, the present invention Is illustrated In detail. 

The polyester elastomer (A) to be employed in tiie present invention is a polyester elastomer in which the hard seg- 
40 ment is an aromatic polyester having a melting point of 200-300°C such as a polybutylene terephthalate. a polyethylene 
terephthalate, and a polyethylene naphthalate. and the soft segment is at least one kind selected from the group con- 
sisting of an aliphatic polyester, polyether, and polycarbonate. 

As the soft segment, there can be enumerated an al^hatic polyester typified by a polylactone. a condensate of an 
aliphatic dibasic acid with a glycol, and a condensate of a variety of hydroxyalkyl carboxylic acids. As specific examples 
45 of those, there can be exemplified a polycaprolactone. a caprotactone-based copolymer, a condensate of adipic acid 
with ethyleneglycol, 1 .4-butanediol, and neopentylglycol. and the like, a condensate of sebasic acid or succinic acid 
with the above-described glycols. There are also included a cocondensate of themselves and a cocondensate with not 
more than 30% by weight of an aromatic pdye^er resin. Although the polycaprolactone and the adipic acid-based pol- 
yester are usually employed, the polycaprolactone is prefenred in view of a heat resistance, durability, and ductility. 
50 The polyether which is a soft segment is a polymer of a cyclic ether and a condensate of a glycol, and further, it 
also includes a copolymer with a caprolactone. As specific examples of those, there can be exemplified a polytetrame- 
thylene glycol, a polyethylene glycol, and a polypropylene glycol, and the like. 

Of those, in usual, the polytetramethylene glycol (a polytetramethylene ether glycol) Is preferably employed. 
Further, the polycarbonate which is a soft segment is a polymer of a cyclic carbonate and a condensate of a poly- 
55 valent phenol and/or glycol with phosgene or diphenyl cartsonate and, it also includes a copolymer with caprolactorie. 
As specific examples, there can be exemplified a poiydimethyltrlmethylene carbonate, a polymonomethyl trimethylen 
carbonate, a polytrimethylene carbonate, and a polyhexamethylene cartx)nate. and the like. 

In the polyester elastomer (A) to be employed in the present invention, as a composing proportion f th hard seg- 
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ment with the soft segment, the content of the hard segment ranges in 50-90% by weight, preferably in 60-80% by 
weight. In the case that the content of the hard segment is less than 50% by weight, there unpreferably lower heat 
resistance and oil resistance. Further, In the case of exceeding 90% by weight, impact resistance unpreferably lowers. 
Molecular weight in the polyester elastomer (A) to be employed in the present invention can be calculated by meas* 

5 uring an intrinsic viscosity and a GPC method. As a number average molecular weight based on a standard Polystyrene 
calculated by measuring with a usual GPC in which there is employed chlorofbrm/hexafiuoro isopropanol (hereinafter, 
refenred to as HF1P)b9/1 (volume ratio) as solvents, there is preferred 40.000-200,000. more preferably 40.000-150,000 
in view of a well-balanced impact resistance and nralding processability. 

Proportion of the polyester elastomer (A) is 30-90% by weight, preferably in 50-80% by weight, and more preferably 

10 in 60-70% by weight in the polyester elastomer composition {(A)-i-(B)} of the present invention. In the case of less than 
30% by weight, there unpreferably lower a heat resistance, oil resistance, abrasion resistance, and rigidity in the poly- 
ester elastomer composition. In the case of exceeding 90% by weight, there is unpreferably small an effect for improving 
hydrolysis resistance: 

The epoxy-modified polymer (B) to be employed in the present invention, if it has at least one epoxy group in the 

IS identical molecule, is not particularly limited. There can be employed (1) a polymer having a carbon-cartx)n double 
bond, for example, an epoxidized polymer in which there are epoxidized an SBS (a styrene-butadiene-styrene block 
copolymer), an SIS (a styrene-isoprene-styrene block copolymer), an SBR (a styrene-butadiene copolymer), an MBR 
[a methyl(meth)acryiate-butadiene copolymer], a polybutadiene. a polyisoprene. and a partially-hydrogenated polymer 
thereof with hydrogen peroxide, peracetic acid, or other peracids. preferably, an epoxidized partially-hydrogenated block 

20 copolymer, (2) glyddylmethacrylate (hereinafter, referred to as GMA), a polymer in which a monomer such as glycidy- 
lacrylate is copolymerized with ethylene or styrene. and (3) a polymer (for example, a polyethylene, an SBS. a polyphe- 
nytene ether, and the like) in which a monomer such as the above-described GMA is graft-modified or graft- 
copolymerized at a polymer main chain by a radical initiator or an active energy ray. 

Of those, there are pretended an epoxy-modified SBS ("Epofriend ATOOr manufactured by Daicel Chemical Indus- 

25 tries, Ltd.). a GMA-modified or a copolymerized polyethylene ("BondfasT manufectured by Sumitomo Kagaku Kogyo, 
Ltd.). and a copolymer of GMA with MMA (methylmethacrylate). and the like, In view of obtaining a polyester elastomer 
composition which is excellent in all physical properties. 

In order to obtain the polyester elastomer composition of the present invention, there can be employed publicly- 
known means. For example, a fixed amount of respective components are premixed with a mixer such as a Henshel 

30 mixer, a tumbler mixer, and a kneader, and then, those are kneaded by an extruder, otiienmse. tiiose are melt-kneaded 
with a heated roll or a Banbury mixer, and then the composition can be obtained by pelletizing or aushing. It is to be 
noted that there may be optionally mixed a variety of additives, for example, fillers, lubricants, reinforcing materials, sta- 
bilizers, weatiierability stabilizers, ultraviolet ray absorbents, plastidzers, anti-static agents, color hue inprovers, and 
the like, witiiin a scope in which an effect is not obstructed in the present invention. 

35 The polyester elastomer composition of the present invention is excellent in a heat resistance, oil resistance, abra- 
sk)n resistance, impact resistance, and hydrolysis resistance, and it can be put to practical use as materials for parts 
for cars, large-sized machines, industrial machines, and home electric appliances which include hoses, tubes, belts, 
gears, connectors, tanks, parts for a battery, socket, covers for a code, and bumpers by moMing solely or in combination 
with other resins. 

40 

EXAMPLES OF THE FIFTH ASPECT OF INVENTION 

Hereinafter, although the present invention is specifically illustrated by Exanples, the present invention is not lim- 
ited by those. 

45 Evaluations were conducted according to following methods. 
50% Modulus: JIS K7113 
Firacture strength: JIS K711 3 

50 

Extension in fracture: JIS K7113 

Notched Izod impact Strength: JIS K71 1 0 

55 Immersion test in gasoline: Test pieces were immersed in gasoline at room tentperatures for 1 day, and tiien it was 
measured according to JIS K7113 (tensile test). 

Boiling water test: Test pieces were immersed in heated water of 95''C for 5 days, and then it was measured accord- 
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ing to JIS K71 13 (tensile test). 
(Synthesis ExsmpA 1 : Synthesis of a polyester elastomer (A-1) having polycaprolact ne segments) 

5 A batchwise style reaction vessel having capacity of 20 liter equipped with an agitator, a tube for supplying nitrogen, 
and an equipment for reducing pressure was charged with 1 2 kg of a polybutylene terephthalate having a number aver- 
age molecular weight of 41.000 (Duranate 800FP manufactured by Polyplastics, Ltd.) which is a crystalline aromatic 
polyester resin. 8 Kg of e-caprolactone monomer Inside of the reaction vessel was replaced with nitrogen, followed by 
melting and heating at 230''C. 

10 While maintaining the temperature at 230''C, mixing and agitation were carried out for 90 minutes to allow to pro- 
ceed a ring opening polymerization of e-caprolactone monomer and an esterification reaction. Further, pressure was 
gradually reduced to 10 torr in a state of streaming nitrogen, followed by mixing while agitating for 30 minutes at reduced 
pressures. After mixed, the reduced pressure was released, followed by giving pressure of 2 atmospheres and by pre- 
paring pellets with a pelletizer while cooling strands ttirough a water vessel. The pellets obtained were dried at leo^'C 

IS for 2 hours under streaming nitrogen to obtain a polyester elastomer (A>1) having polycaprolactone segments. 

(Synthesis Example 2: Synthesis of a polyester elastomer (A-2) having polycaibonate segments) 

The same reactions were followed as in ttie Syntiiesis Example 1 for ttie (A-1), except tiiat 6.4 kg of e-caprolactone 
20 monomer and 1 .6 1^ of 4,4-dimethyltrimethylene carbonate were enployed instead of 8 Kg of e-caprolactone monomer, 
and reaction period was changed to 1 50 minutes to obtain a polyester elastomer (A-2) having polycartx>nate segments. 

(Epcxy-modifled polymer (B)) 

29 (Synthesis Example 3: Synthesis of an epoxidized SBS (B-1)) 

A jacketed reaction vessel equipped witii an agitator, a reflux condenser, and a thermometer was charged with 300 
g of styrene-butadiene-styrene block copolymer [a trade name of TR2000 manufactured by Japan Synthetic Rubber. 
Ltd.] and 1500 g of ethyl acetate, followed by being dissolved. Successively, 169 g of ethyl acetate solution having 30% 

30 by weight of peracetic acid was continuously added dropwise. followed by carrying out an epoxidation reaction while 
stirring at 40^*0 for 3 hours. The reactant liquid was cooled to ordinary temperatures, followed by being taken out of ttie 
reaction vessel. Successively, a large amount of methanol was added to precipitate a polymer, and then, polymer was 
washed by water after filtered, followed by being dried to obtain an epoxy-modif led polymer. The epoxy-modified poly- 
mer obtained was designated as (B-1). An epoxy equivalent in the polymer was 470 g/eq. 

35 

B-2: a GMA-modified or a oopolymerized polyethylene ("Bondfasf manufactured by Sumitomo Kagaku Kogyo. 
Ltd.) 

B-3: a GMA-MMA copolymer (GMA 8%. Mn=47,000) 

40 

(Synthesis Exariiple 4: Syntiiesis of an epoxidized partially hydrogenated SBS (B-4)) 

A jacketed reaction vessel equipped with an agitator and a ttiermometer was charged with 300 g of styrene-buta- 
diene-styrene block copolymer [a trade name of TR2000 manufactured by Japan Synthetic Rubber. Ltd.] and 3000 g of 
45 cyclohexane. followed by being dissolved. Successively, there were added 40 ml of a cyclohexane solution (ttie concen- 
tration of 1 mlllimole/liter) of di-p-totlylbis(1-cyclopentadienyl)titanium and 8 ml of n-butyllithium solution (the concentra- 
tton of millimoie/llter) at 0°C and hydrogen pressure of 2.0 kg/cm^, followed by allowing to react at hydrogen partial 
pressure of 2.5 kg/cm^ for 30 minutes. 

Solvent was removed from a partially hydrogenated-copolymer solution by drying at reduced pressure. The hydro- 
50 genation ratio was 30% in ttie total parts of butadiene. 300 g of the partially hydrogenated-polymer was dissolved in 
1 500 g of cyclohexane. 

Subsequentiy, 300 g of etiiyl acetate solution containing 30% by weight of peracetic acid was continuously added 
dropwise, followed by epoxidizing while stining at 40^C for 3 hours. The reaction liquid was cooled to ordinary temper- 
atures, followed by being taken out of ttie reaction vessel. Successively, a large amount of methanol was added to pre- 
ss cipitate a polymer, and tiien it was washed by water after filtered, followed by being dried to obtain an epoxy-modified 
polymer. The ep xy-modif led polymer ot>tained was designated as (B-4). An epoxy equivalent in ttie polymer was 275 
g/eq. 
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B-5: an epoxtdized potybutadiene ("Epolead PB3600" manufactured by Daicel Chemical Industries. Ltd., oxirane 
oxygen concentration of 8.0%. an epoxy equivalent of 200 g/eq). which has hydroxyl groups at ternninals. and has 
hydroxyl groups also In the molecule. 

5 (Examples 1-8) 

According to mixing proportion as described in Table 1 -5, pellets of the respective resins were mixed in a tumbler, 
followed by mett kneading at 240^C using a 30 mm0 twin saew extruder, and by cutting strands extruded using a pel- 
tetizer after cooling in a water vessel. 
10 The pellets obtained were dried at IIO^'C for 6 hours while streaming nitrogen. From the above-described pellets, 
test pieces for a tensile test and an Izod impact test were molded at 260''C with an injection molding machine. 

According to J IS K7 11 3. a tensile test was carried out, and a tensile test was carried out after immersed in gasoline 
and immersed in boiled water. 

Likewise, according to JIS K71 10. an Izod test was carried out and. according to JIS K7206. a Vicat softening point 
IS test was canied out, and results are described in Table 1 -5. 

(Comparative Example 1) 

Example 1 was likewise repeated except that mixing proportion was changed as described in Table 1-5. Results 
20 are described in Table 1 -5. As shown in Table 1 -5, results of the t)oiling tests are worse, and hydrolysis resistance is low. 

(Comparative Example 2) 

Example 1 was likewise repeated except that mixing proportion was changed as described in Table 1-5. Results 
25 are described in Table 1 -5. As shown in Table 1 -5, results of immersion tests in gasoline are worse, and a Vicat soften- 
ing point is low because of a too large content of the epoxy-modif ied polymer (B). 

(Conparative Exanq^le 3) 

30 Example 1 was likewise repeated except that mixing proportion was changed as described in Table 1-5. Results 
are described in Table 1-5. As shown in Table 1-5, results of the boiling tests are worse, and hydrolysis resistance is low. 
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POSSIBILITY OF UTILIZATION IN INDUSTRY BY THE FIFTH ASPECT OF THE INVENTION 

The polyester elastomer composition of the present invention becomes a polyester elastomer composition which is 
excellent in a heat resistance, oil resistance and. above all. hydrolysis resistance by mixing the polyester elastomer (A) 
5 with a specified amount of the epoxy-modif ied polymer (B). 

TECHNICAL FIELD OF SIXTH ASPECT OF THE INVENTION 

The present invention relates to molded articles which are basically transparent and excellent in a variety of phys- 
10 leal properties such as ductility, chemical resistance, weatherability, high processability. repellent elasticity, and cold- 
ness resistance, for example, fibers, films, sheets, sheet-molded articles, or bottles, and the like. In more detail, it 
relates to molded articles containing a specified elastic polyester as primary materials which are suitable for uses in 
fields such as films, sheets, or inside-mounting parts for care and sheet-molded articles such as artificial leathers, and 
the like, in which there have been employed a plasticized polyvinyl chloride, a potyvinylidene chloride, a polyurethane, 
IS or a polyolefine-based elastomer, and in fields such as fibers, films, and bottles in which there has been employed a 
polyethylene terephthalate. 

BACKGROUND ART OF THE SIXTH ASPECT OF THE INVENTION 

20 Since a plasticized polyvinyl chloride is transparent and excellent in ductility, and it is low in costs, it has been widely 
employed as films for agricultures or foamed sheets for constructions, or inskle-mounting parts for cars by further mold- 
ing such as vacuum molding and compression molding of sheets. 

On the other hand, it is also well known that a polyethylene terephthalate is excellent in chemical resistance, weath- 
erability. and heat resistance, and the like, and it is employed in fields such as fibers, wrapping films, and bottles. 

25 Since there extends the function required for plastics molded articles, it has become insufficient by only a satisfac- 
tion in moldability, mechanical, optical, and electrical properties, or a variety of durabilities, and prices. For example, 
from a viewpoint of environmental issues, there is largely rising the importance in a shift to non-halogens and capability 
of recycling. Also in a field for fibers and films in which there has been employed a polyethylene terephthalate. requests 
from users extend, and there is also increasing uses in which there are further required ductility, processability, repellent 

30 elasticity, and coldness resistance. 

DISCLOSURE OF THE SIXTH ASPECT OF THE INVENTION 

The present invention, in order to satisfy the above-described requests, aims at providing a molded article which is 
35 basically transparent, and excellent in ductility, chemical resistance, weatherability. high processability, repellent elas- 
ticity, and coldness resistance, for example, fibers, films, sheets, bottles, or sheet-molded articles. 

The present inventors have found that tiie aim can be attained by a molded article containing an elastic polyester 
composed of an aromatic polyester which is a hard segment (A) primarily containing a polyethylene terephthalate or a 
polyethylene terenaphthalate, and at least one kind of a resin (B) selected from tiie group consisting of an aliphatic pol- 
40 yester. polycaitx)nate, and polyether which are a soft segment, and the present invention has been completed. 

That is, the present invention provides a molded article which comprises containing an elastic polyester 30-95% by 
weight of an aromatic polyester resin which is a hard segment (A) primarily containing a polyethylene terephthalate or 
a polyethylene terenaphthalate. and 5-70% by weight of at least one kind of a resin (B) selected from the group consist- 
ing of an aliphatic polyester, polycarbonate, and polyether which are a soft segment. Further, tiiere is provided a mokied 
45 article which comprises containing the above-described elastic polyester, for example, fibers, films, sheets, and botties. 
Still further, tiiere is provkJed a sheet-mokied article obtained by a vacuum molding and a compression molding of tiie 
above-described sheets. 

BEST MODE FOR CARRYING OUT THE SIXTH ASPECT OF THE INVENTION 

so 

Hereinafter, the present invention is illustrated in detail. 

A number average molecular weight of tiie elastic polyester in tiie present invention ranges in 20.000-200.000. 
preferably 30,000-150.000. and more preferably 40.000-120.000. In the case tiiat the molecular weight is less than 
20,000, strength is insuffk^ient in a variety of molded articles and, contrartly, in tiie case of e)roeeding 200,000, mokia- 
ss bility unpreferably lowers because of an excessively high melt viscosity 

The hard segment (A) which is a component in tiie elastic polyester is an aromatic polyester primarily containing a 
polyethylene terephthalate or a polyethylene terenaphthalate. and tiiere is preferred an aromatic polyester containing 
not less tiian 90 wt% of any one of both. In the case tiiat tiie aromatic polyester which is the hard segment (A) is poly- 
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butytene terephthalate or a polybutytene terenaphthalate. since crystallization rate is too quid^ in an elastic polyester 
obtained, there cannot be obtained f Qms or sheets which are satisfied in transparency, ductility, and repellent elasticity. 

As components other than those, there can be exemplified polyesters containing additional conposing compo- 
nents such as isophthalic acid, phthalic add, and succinic acid which are a dicarboxylic acid, and 1 ,4-butanediol. neo- 

5 pentylglycol, and 1 ,6-hexanediol which are a glycol component. 

Average length of a block chain in the hard segment (A) is a value [a reference literature "Polymer Papers" vol. 49, 
No. 7. pp 561-568 (Jul. 1992); it is to be noted that the average length of a block chain means an average length of 
chains desalbed in the literature, and it is calculated by the product of the average number of chains and molecular 
weight of the respective recun^ing units] calculated by ^^C-NMR, and it preferably ranges in 500-10.000, more preferably 

10 1.000-5,000, and most preferably 1.500-4,000. In the case that the molecular weight in the hard segment (A) is less 
than 500. there unpreferably largely lower a heat resistance, rigidity, and chemical resistance, and the like in the elastic 
polyester. Contrarily, in the case of exceeding 10.000, there unpreferably largely lower repellent elasticity, transparency, 
and ductility in the elastic polyester. 

A soft segment (B) which is another component in the elastic polyester of the present invention is at least one kind 

15 of a resin selected from the group consisting of an aliphatic polyester. polycart>onate. and polyether which are a polymer 
primarily contains ester bonds and/or ether bonds. It has hydroxyl groups or carboxyl groups at terminals of the mole- 
cule. 

As specific examples of the aliphatic polyester, there can be exemplified a polycaprolactone, a caprolactone-based 
copolymer, a condensate of adipic add with ethyleneglycol, 1 ,4-butanediol, and neopentylglycol, and the like, a conden- 
se sate of sebasic add or succinic acid with the above-described glycols. 

There are also induded a copolymer of themselves and a cocondensate with not more than 30% by weight of an 
aromatic polyester resin. Although there are usually employed the polycaprolactone and the adipic acid-based polyes- 
ter, the polycaprolactone is preferred in view of a heat resistance, durability, and ductility. The polycarbonate is a poly- 
mer of a cyclic caitx>nate, a condensate of a polyvalenlphenot and/or a glycol with phosgene or diphenyl carbonate 

25 and, it also includes a copolymer with a caprolactone. As specific examples, there can be exemplified a polydimethyK- 
rimethylene carbonate, a polymonomethyl trimethylene carbonate, a polytrimethylene cart)onate, and a polyhexameth- 
ytene carbonate, and the like. The polyether is a polymer of a cyclic ether, and a condensate of a glycol, and further, it 
also includes a condensate with a caprolactone. As specific examples of those, there can be exemplified a polytetram- 
ethylene glycol, a polyethylene glycol, and a polypropylene glycol, and the like. Of those, in usual, the polytetramethyl- 

30 ene glycol (a polytetramethylene ether glycol) can be preferably employed. 

The average length of block chain of the soft segment (B) is a value calculated by ^^C-NMR, and it preferably 
ranges in 1 .000-10.000. more preferably 1 ,500-5.000, and most preferably 2.000-4.000. In the case that it is less than 
1 .000, there largely lower repellent elasticity and ductility in the elastic polyester and, in the case of exceeding 10,000, 
there occasionally unpreferably lower transparency, a heat resistance, and rigidity, and the like in the elastic polyester. 

35 The weight ratio (hereinafter, referred to as (A)/(weight ratio) of the hard segment (A) with respect to the soft seg- 
' ment (B) is 30/70-95/5 by weight, preferably 50/50-0/20. more preferably 60/40-70/30. In the case that the hard seg- 
ment (A) is less than 30% by weight, there unpreferably largely lower a heat resistance. rigkJity, and chemical 
resistance, and the like in the elastic polyester. Contrarily, in the case of exceeding 95% by we^ht. there unpreferably 
largely lower repellent elasticity, ductility, and processability in the elastic polyester. 

40 In the elastic polyester in the present invention, there is preferably employed an elastic polyester in which the soft 
segment (B) is a polycaprolactone. and which simultaneously has a variety of physical properties such as ductility, 
chemical resistance, weatherability, high processability. repellent elasticity, and coldness resistance in a high level. Of 
those, there is preferably applied the weight ratio (A)/(B) ranging in 50/50-90/10. and particularly 60/40-70/30. 

In the present invention, a process for the preparation of the elastic polyester is not particularly limited, and it is gen- 

45 erally classified into two. 

There are (1) a method in which there are simultaneously carried out a ring-opening polymerization of a lactone 
monomer and an esterification reaction with the aromatic polyester (A) which is a hard segment, and (2) a method in 
which there is carried out a melt reaction (an esterification reaction, a polycondensation. and a coupling reaction, and 
the like) by adding the aromatic polyester (A), at least one kind resin which is the soft segment (6) selected from the 

so group consisting of an aliphatic polyester, polycarbonate, and polyetiier having a molecular weight of 500-40.000, and 
optionally a coupling agent such as a dicarbc»ylic anhydride, a diepoxy compound, and a diisocyanate compound. 

Of tiie above-described two methods, since the method (1) is usually candied, out in a reaction temperature ranging 
in 250-300'*C. depolymerization and tiiermal decomposition of lactone monomers are apt to be caused, and a molecu- 
lar weight becomes lower in the hard segment (A) and the soft segment (B). unpreferably resulting in showing a ten- 

55 dency that there are deteriorated physical properties such as heat resistance, rigidity, chemical resistance, and 
repellent elasticity. Ther is preferred a method in which the method (2) is mployed. ttiere are mployed at least one 
kind resins which is the soft segment (B) selected from the group consisting of an aliphatic polyester, pdycarbonate. 
and polyether. and reactions are completed wittiln a short time of period. 
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The molded article of the present invention which comprises containing an elastic polyester is characterized In that 
there is employed preferably the elastic polyester in not less than 50% by weight, wore preferably not less than 70% by 
weight, and most preferably not less than 90% by weight based on raw material resins, and It Is obtained by a molding 
method in which there are employed publidy-known technologies and pUblicly-Known molding machines. Raw material 
5 resins other than the elastic polyester are not particularly limited, and there are enumerated an ethylene-vlnyl acetate 
copolymer, a styrene-acrylonitrile copolymer, a styrene-acrylonitrile-butadiene copolymer, a polymethylmethacrylate, a 
polycait)onate. an SBS. an epoxy group-modified polymer, and a carboxyt group-modified polymer in addition to a plas- 
ticized polyvinyl chloride, a polyvinylidene chloride, a polyurethane. and a polydefine-based elastomer. 

In the molded article from an elastic polyester of the present invention, as components otiier tiian the raw materials. 
10 there can be appropriately mixed additives such as fillers, crystallization accelerators, a variety of stabilizers, fluidity 
improvers, lubricants, anti-static agents, pigments, and plasticizers. 

The molded article of tiie present Invention Is preferably employed as uses in fields such as fibers, films, sheets, 
bottles, or inside-mounted parts for cars, and sheet-molded articles such as artificial leatiiers. 

15 EXAMPLES OF THE SIXTH ASPECT OF INVENTION 

Hereinafter, although the present invention is specifically illustrated by Exanples, the present invention is not lim- 
ited by those. 

so (Mettiods for measurements and evaluations) 

1 . Melt viscosity: H is the same as in the first aspect of the invention. 

2. Transparency: It was evaluated whether a newspaper can be read or not, which was placed under piled five 
25 sheets having 27 cm x 25 cm x 1 mm in a room where there is set one of a 20 watt fluorescent lamp. It was evalu- 
ated as o; capable of reading, difficult to read, and x; opaque. 

3. Chemical resistance Retention ratio of fracture strengtii after immersed in toluene (24 hours, 23°C). 
30 4. Tensile strengtii, 50% Modulus (kg/cm?): JIG K71 13 

5. Fracture strength (kg/cm^): JIB K7113 

6. Extension in fracture (%): JIS K71 13 

35 

7. Melting point («C): JIS K7121 

8. Crystallization temperature CC): JIS K7121 
40 9. Hardness (Shore D): JIS K7215 

(Preparation Example 1) 

There were fed a polyetiiylene terephthalate and a polycaprolactone (Placcel H1 P) manufectured by Dalcel Chem- 
45 ical Industries, Ltd.. into an inlet for feeding of a twin-screw extruder having an average residence time of 10 minutes in 
a proportion of 6 kg/hour and 4 Kg/hour, respectively. In the extruder, melt mixing was conducted at 280''C. and extrided 
strands were cooled by a dried air for cooling, followed by cutting with a pelletizer. Since the extruded strands were 
slightly opaque in a melting state, melt mixing was canried out again at 280^C for approximately 10 minutes in order to 
allow to further proceed a reaction between tiie polyethylene terephttialate and the polycaprolactone. Extruded strands 
so were transparent in a melting state. Those were cooled by a dried air for cooling, fbllowed by cutting with a pelletizer to 
obtain an elastic polyester (1). 

(Preparation Example 2) 

55 There were fed pellets of tiie elastic polyester (1) obtained in Preparation Example 1 into an inlet for feeding of a 
twin-screw extruder having an average residence time of 5 minutes in a proportion of 15 kg/hour with a fixed-volume 
feeder. 

Simultaneously, tiiere was fed hexametiiylene diisocyanate which is an isocyanate compound into an inlet for feed- 
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ing of the same extruder in a proportion of 0.3 kg/hour with a fixed-volume pump to melt mix at 280''C. As described 
above, there was carried out a chain-extension of the elastic polyester (1) to obtain an elastic polyester (2). 

(Preparation Exanples 3 and 4) 

5 

Elastic polyesters (3) and (4) were obtained by carrying out the identical conditions except that the polyethylene 
terephthalate in the Preparation Examples 1 and 2 was changed to a polybutytene terephthalate. 

(Examples 1-4) 

10 

Pellets of the elastic polyester obtained in the Preparation Examples 1-4 were dried at 100''C for 10 hours. Respec- 
tive 5 sheets having 27 cm x 25 cm x 1 mm were compression-molded using approximately 90 g of the pellets obtained 
under the following conditions. 

IS (1) Pellets were heated at the temperature of 240^0 and the pressure of 0 kg/cm^ for 5 minutes. (2) Subsequently, 
those were heated at ttie temperature of 240**C and the pressure of 50 kg/cm^ for 5 minutes. (3) Further, those 
were heated at the temperature of 40''C and the pressure of 150 kg/cm^ for 5 minutes. (4) Sheets were taken out 
of a mold after cooled to 50*^0 by streaming water of the temperature of 20**C through a mold for cooling. 

20 There were evaluated transparency, mechanical strength, hardness (in laminatbn of two sheets), and chemical 
resistance in the sheets obtained. Molded articles in the Preparation Exanple 1 were employed for Example 1 , molded 
articles in the Preparation Exanrple 2 were employed for Example 2. and molded articles in the Preparation Example 3 
were employed for Comparative Example 1 . Table 1 -6 shows the evaluation results. 
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Table 1-6 

Example Cosnparative Exanpl 





1 


2 


1 


2 


P(l)*l 


Pf 2^*2 


P( 3)*3 






PET 


PET 


PBT 


PBT 


Melt viscosity (poise) 


2800 


7200 


4300 


10900 


Transparency 


o 


o 


X 


X 


Chemical resistance ( % ) 


100 


100 

X V/ V 


100 


100 


50% Modulus (kg/cm^) 


50 




lOU 


1^0 


Fracture strength (kg/cm^ 


260 


430 


300 


500 


Extension in fracture (%) 


460 


580 


650 


640 


Melting point CC) 


211 


211 


207 


207 


Crystallization temperature (°C) 










114 


114 


151 


151 


Hardness (Shore D) 


33 


32 


50 


49 



*1^ *2, *3, *4: Elastic polyester prepared in Preparation 
Examples 1, 2, 3, and 4. 



POSSIBILITY OF UTILIZATION IN INDUSTRY BY THE SIXTH ASPECT OF THE INVENTION 

As described hereinabove, the molded artlde containing an elastic polyester provided by the present invention is 
excellent in transparency, and which has repellent elasticity and coldness resistance in addition to ductility, chemical 
resistance, and processabillty. 

TECHNICAL FIELD OF THE SEVENTH ASPECT OF THE INVENTION 



The present invention relates to an aliphatic polyester elastomer having a low melting point molding processabillty. 
ductility, and impact resistance. In more detail. It relates to an aliphatic polyester elastomer composed of a hard seg- 
ment, a soft segment, and an aliphatic polyester, which has a low melting point, which is excellent in processabillty. and 
which Is preferably employed as outside-m unting materials such as hoses, tubes, belts, gears, connect rs. tanks, 
parts for a battery socket, covers for a code, and bumpers, inside-mounting materials such as ceiling materials in parts 
for cars, and a process for the preparation thereof. 
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BACKGROUND ART OF THE SEVENTH ASPECT OF THE INVENTION 

A polyester elastomer, particularly, an elastomer containing an aromatic polyester which is a hard segment and an 
aliphatic polyester which Is a soft segment, has been employed for parts in cars as an elastomer material which is excel- 
5 lent in heat resistance, oil resistance, weatherability. and abrasion resistance. However, it has n t been employed as 
bumpers and inside-mounting materials in ceiling in which there are required molding processabiltty. ductility, and 
impact resistance, and the like because of a high hardness. 

In usual elastomers such as polyoleflne-based one and polystyrene-based one. and the like, hardness can be con- 
trolled at low level by increasing a proportion of a soft segment. On the other hand, in the case of the above-mentioned 
10 polyester elastomer, when the proportion of the aliphatic polyester which is a soft segment exceeds 50 wt%, crystalli- 
zation is caused in the soft segment it was unable to lower hardness, and unable to Improve an impact resistance. 

DISCLOSURE OF THE SEVENTH ASPECT OF THE INVENTION 

IS The present invention aims at providing an aliphatic polyester elastomer which has a lower melting point, and which 
has molding processabillty. ductility, impact resistance, and biodegradabllity. 

The present inventors, as a result of an intensive investigation in order to solve the problems, have found that the 
problems can be solved by an aliphatic polyester elastomer which comprises an aliphatic polyester in which a hard seg- 
ment (A) and a soft segment (B) which construct a polyester elastomer are different from each other, and the present 

20 invention has been completed. 

That is. the present invention provides an aliphatic polyester elastomer which comprises an aliphatic polyester in 
which a hard segment (A) and a soft segment (B) which construct a polyester elastomer are different from each other 
The present invention provides, in addition to the aliphatic polyester elastomer of the above-described invention, an 
aliphatic polyester elastomer having the conditions in which the weight ratio (A/B) of the hard segment (A) with respect 

25 to the soft segment (B) ranges in 55/45-95^, and a melting point ranges in 90-O^C. Further, there is provided, in addi- 
tion to the above-described inventions, an aliphat'c polyester elastomer which comprises a hard segment (A) having an 
average length in a block chain ranging in 1000-10.000. a soft segment (B) having an average length in a block chain 
ranging in 500-5.000. and a number average molecular weight ranging in 40,000-200.000. 

The present invention provides an aliphatic polyester elastomer in which the above-desaibed aliphatic polyester 

30 elastomer has an endothermic peak between 90^0 and 200^0 by a differential scanning calorlmetric measurement 
(DSC). 

Still further, the present invention provides a process for the preparation of the above^escribed aliphatic polyester 
elastomer characterized by allowing to react an aliphatic polyester which constructs a hard segment (A) with an 
aliphatic polyester which constructs a soft segment (B) or a monomer which constructs the soft segment in a melting 
35 state. In addition, there is provided a process for the preparation of an aliphatic polyester elastomer in which a melting 
point of the aliphatic polyester which constructs the hard segment (A) ranges in 100-200'*C and a melting point of the 
aliphatic polyester vvhich constructs the soft segment (B) ranges in 40-80*^0 in the invention of the aboveKiescribed 
process for the preparatton. 

40 BEST MODE FOR CARRYING OUT THE SEVENTH ASPECT OF THE INVENTION 

Hereinafter, the present invention is illustrated in detail. 

The hard segment (A) in the aliphatic polyester elastomer of the present invention is an aliphatic polyester having 
a melting point ranging in preferably 100-200''C. more preferably 120-180''C. and there are enumerated a condensed 
45 polyester of an aliphatic dicartwxylic acid having a carbon nunrtoer of 2-4 with a glycol having a carbon number of 2-4, 
a self-condensed polymer of a hydroxycartx>xylic acid having a carbon number of 2-4. and a polymerized ester of gly- 
collde and lactide. and the like. More specifically, there are exemplified a polybutylene succinate, a poly(3-hydroxy- 
butytate), and a poly lactic acid, and the like. 

An average length in a block chain of the hard segment i s preferably 1.000-10.000, and more preferably 2,000- 
50 5.000 in the aliphatic polyester elastomer of the present invention. 

The soft segment in the aliphatic polyester elastomer of the present invention is, in the case of a single polymer, a 
crystalline aliphatic polyester having a melting point of preferably 40-80^C. and there are exemplified a polycaprolac- 
tone and an adipic add-based polyester, and the like. An average length in a block chain of the soft segment ranges in 
preferably 500-5,000, and more preferably 1 ,000-3,000. 
55 Under conditions for cooling such as in usual injection molding, the aliphatic polyester elastomer of the present 
invention is characterized in that an appearance f elastomeric properties is caused by crystallization in the hard seg- 
ment components alone and by non-crystallization in the soft segment components. 

In a mixture of an aliphatic polyester forming the hard segment with an aliphatic polyester forming the soft segment. 
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melting points in both are observed. On the other hand, in the case of a copolymerized aliphatic polyester obtained by 
copolymerization of monomer units by which there are formed respective aliphatic polyesters containing a hard seg- 
ment and a soft segment, there is obtained a non-crystalline polyester In which melting points are not observed at all or 
an aliphatic polyester having a low melting point. Further, in the case of a block copolymer having an average length in 
5 a block chain of the soft segment exceeding 5.000, melting points In botii are observed. Accordingly, it is shown tiiat 
physical properties appeared laecome different by the difference in polymer structures even In the case of having the 
same structural units. 

In the aliphatic polyester elastomer of the present invention, the weight ratio of the hard segment/the soft segment 
ranges In 55/45-95/5. and preferably 60/40-90/10. In the case that the ratio of the hard segment is less than 55 wt%. 

10 the hard segment components become apt to not crystallize and. contrartly, in the case of exceeding 95 w(%. physical 
properties are not different from an aliphatic polyester composed of the hard segment alone, unpreferably resulting in 
that etastomeric properties become poor. 

Melting point (the hard segment components alone crystallize) in the aliphatic polyester elastomer itself of the 
present Invention ranges in preferably 90-200''C. and more preferably 1 10-180''C. In a differential scanning calorimetric 

75 measurement (DSC), there is observed an absorption peak in a tenperature range of 90-200''C. In the case that melt- 
ing point is less than OO^'C. heat resistance becomes Insufficient and. contrarily. in tiie case of exceeding 200^C, there 
unpreferably lower ductility and impact resistance. 

Number average molecular weight in tiie aliphatic polyester elastomer itself of tiie present invention rang^ in 
40.000-200,000. preferably 60.000-1 50,000. In the case of less than 40.000. ductility and impact resistance are unpref- 

20 erably insufficient and. contrarily. in the case of exceeding 200.000. unpreferably. processability considerably lowers. 

In tiie preparation of the aliphatic polyester elastomer of the present Invention, botii raw materials (respective 
aliphatic polyesters constructing the hard segment and the soft segment) are allowed to react in a melting state. Otiier- 
wise, an aliphatic polyester constructing the hard segment and a monomer constructing the soft segment are allowed 
to react in a condition in which there melts the aliphatic polyester constructing the hard segment. Reaction temperature 

2S may be a temperature in which there actually melt the respective aliphatic polyesters which are the hard segment and 
the soft segment, and a resin produced. 

Usually, reaction is can'ied out In a temperature of 170-280*'C. In tiie case that the reaction temperature is high, 
there must be given attention to tfiermal decomposition in the respective aliphatic polyesters which construct the hard 
segment and the soft segment, and an elastomer produced and, in the case tiiat the reaction temperature is low. tiiere 

30 must be given attention to crystallization and a decline In reaction rate. 

Kneading time is 1 -1 00 minutes or so. and it is decided by a mixing style, temperatures, and otiier conditions. Pref- 
erably, it is set up in 2-60 minutes. Further, in the above-described reaction, there are also preferably employed cata- 
lysts such as organic tin compounds which include tin tetraacetate, monobutyttin hydroxide, monobutyltin(2- 
etiiylhexanoate). dibutyltin oxide, dibutyltin dilaurate, and tin dioctanoate. 

35 Although the reaction according to the present invention can be carried out even under an atmosphere of oxygen 
and air. it is preferably carried out under an atmosphere of nitrogen from a viewpoint of preventing discoloration of an 
elastomer produced. 

Specifically, there are enumerated nitrogen, helium, argon, and metiiane, and the like. Although pressure changes 
depending upon tiie reaction temperature, raw materials to be employed, and physical properties of additives such as 

40 thermal stabilizers and anti-oxidants, and catalysts which are optionally added, it ranges in preferably 0.001-10 Torr, 
and more preferably 0.01 -2 Torr. In the case tiiat distillation of reagents becomes problematic, a high pressure is main- 
tained and. contrarily. in tiie case that there are removed residual low boiling-point-ingredients, it is preferably main- 
tained at not more than 0.1 Torr. 

In order to knead and allow to react the respective aliphatic polyesters which construct the hard segment and soft 

45 segment, otiier additives, and catalysts in a melting state, different methods may be employed, respectively Furtiier. 
the methods may be any one of batchwise. semi-continuous, and continuous ones. Still further, types of apparatuses 
are not particularly limited, and tiiere can be employed an agitating-type reactor, a kneader-type reactor, and an 
extruder-type reactor, and the like. In addition, tiie above-described apparatuses and methods may be also employed 
repeatedly or in combination of two or more. 

so In the polyester elastomer obtained by tiie present invention, there can be applied a variety of molding methods 
such as extruding molding, injection molding, and blow molding, and it can be employed as a variety of moMed articles 
such as hoses, tubes, films, sheets, packings, botties. rolls, belts, gears, name plates, covers, hooks, switches, resin 
springs, fasteners, outside-mounting parts for cars, and vibration dumping materials, and tiie like, or coating agents. 

55 EXAMPLES OF THE SEVENTH ASPECT OF INVENTION 

Hereinafter, atthough the present invention is specifically Illustrated by Exanfples. the present invention Is not lim- 
ited by those. 
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(Method for measureinents and evaluations) 

1 . Nunfiber average molecular weight: It is the same as in the first aspect of the Invention. 
5 2. Average block length: It is the same as in the first aspect of the inventi n. 

3. Melt viscosity: It is the same as in the first aspect of the invention. 

4. Tensile strength. 50% Modulus (kg/cm^: JIS K7113 

10 

5. Fracture strength (kg/cm^: JIS K71 13 

6. Extension in fracture (%): JIS K7113 
IS 7. Melting point ("C): JIS K7121 

8. Crystallization temperature f^C): JIS K7121 

9. Hardness (Shore D): JIS K7215 

20 

(Example 1) 

A batchwise style reaction vessel having capacity of 20 liter equipped with an agitator, a tube for supplying nitrogen, 
and an equipment for reducing pressure was charged with 1 2 kg of a pdylactic add (Lacty 1012, Melting point of 1 SO^C 
25 manufactured by Shimazdu Seisakusyo, Ud.) which Is an aliphatic polyester resin for forming a hard segment, 8 kg of 
caprolactone monomer, and 2 g of monobutyltin tris(2-ethylhexanoate) which is a catalyst fbr polymerization, Ibllowed 
by being melted by heating to 200^0 while streaming nitrogen after sufficiently repladng at inside of the reaction vessel 
with nitrogen. 

While maintaining the temperature at 200*^0, agitation and mixing were earned out for 2 hours while streaming 
30 nitrogen at reduced pressure of 100 Ton. After mixed, the reduced pressure was released, followed by giving pressure 
of 2 atmospheres and by preparing pellets with a pelletizer while cooling strands through a water vessel. The pellets 
obtained were dried at 1 20^C fbr 5 hours under streaming nitrogen to obtain a polyester elastomer (1 ). Table 1 -7 shows 
a number average molecular weight measured by a GPC. melt viscosity, a melting point, crystallization temperature, 
and results of tensile tests. 

35 
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Table 1-7 

Example 1 



Number average molecular weight 72,000 

Average length in a block chain of (A) 3,000 

Average length in a block chain of (B) 1,500 

Melt viscosity (poise) 6,300 

50% Modulus (kg/cm^) 90 

Fracture strength (kg/cm^) 250 

Extension in fracture (%) 530 

Melting point ("C) 161 

Crystallization temperature (*C) 124 

Hardness (Shore D) 45 



POSSIBILITY OF UTILIZATION IN INDUSTRY BY THE SEVENTH ASPECT OF THE INVENTION 

As described hereinabove, by the present invention, there can be obtained the aliphatic polyester elastomer having 
a low melting point composed of the hard segment and the soft segment wNch are mutually different aliphatic polyes- 
ters. The elastomer is an aliphatic polyester elastomer having molding processability, ductility, impact resistance, and 
hydrolysis resistance. 

Claims 

1 . A polyester elastomer otrtained by allowing to react a crystalline aromatic polyester which is a hard component, at 
least one kind selected from an aliphatic polyester, a polyether, and a polycarbonate which are a soft component 
with a compound containing isocyanate groups containing at least one kind of a compound having at least two iso- 
cyanate groups in the molecule. 

2. A polyester elastomer as set forth in daim 1. characterized by obtaining by allowing to react at least one kind of 
compounds selected from a compound containing hydroxyl group which is a compound having at least two hydroxyl 
groups in the molecule, or an epoxy compound. 

3. A polyester elastomer as set forth in claim 1 , characterized by weight ratio of the hard component/the soft compo- 
nent of 30/70-95/5, and by allowing to react 0.5-2.5 times by mol of the conpound containing isocyanate groups 
based on tiie total amount of terminal hydroxyl groups and ternrtinal carboxyl groups in the hard component and the 
soft component 

4. A polyester elastomer as set forth in claim 2, characterized by weight ratio of the hard component/the soft compo- 
nent of 30/70-95/5, and by allowing to react 0.1-10 times by mol of the compound containing hydroxy! group which 
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is a compound having at least two hydroxyl groups based on the total anfx)unt of terminal hydroxyl groups and ter- 
minal carboxyl groups in the hard component and the soft component. 0.1 -2.0 times by mol of the epoxy compound 
based on the total amount of temilnal hydroxyl groups and terminal carboxyl groups in the hard component and the 
soft component, and 0.5-2.0 times by mol of the compound containing isocyanate groups based on the total 
5 amount of terminal hydroxyl groups and terminal caitx)xyt groups in the hard component and the soft component, 
and the total amount of hydroxyl groups in the compound containing hydroxyl group which is a compound having 
at least two hydroxyl groups. 

5. A polyester elastomer as set forth in any one of daims 1-4. characterized by the soft conponent which is polylac- 
TO tones. 

6. A polyester elastomer obtained by allowing to react a crystalline aromatic polyester which Is a hard component, at 
least one kind selected from an aliphatic polyester, a polyether. and a polycartxsnate which are a soft component 
with a compound containing epoxy groups containing at least one kind of an epoxy compound which has at least 

15 two epoxy groups in the molecule. 

7. A polyester elastomer obtained by in advance allowing to react a crystalline aromatic polyester which is a hard 
component, at least one kind selected from an aliphatic polyester, a polyether, and a polycarbonate which are a soft 
component, and further at least one kind selected from a carboxylic acid containing carboxyl groups which is a 

20 compound having at least two cart)oxyt groups in the molecule or an acid anhydride thereof, and then by allowing 
to react the compound containing epoxy groups containing at least one kind of an epoxy compound which has at 
least two epoxy groups in the molecule. 

8. A polyester elastomer as set forth in claim 6. characterized by weight ratio of the hard component^he soft oompo- 
3 nent of 30/70-9S/5. and by allowing to react 0.5-2.5 times by mol of the compound containing epoxy groups based 

on the total mol number of terminal cartxsxyl groups in the hard component and the soft component. 

9. A polyester elastomer as set forth in claim 7. characterized by weight ratio of the hard oomponent^e soft compo- 
nent of 30/70-95/5, and by allowing to react 0.1-2 times by mol of carboxyl groups (1 mol of acid anhydride group 

30 is looked upon as 1 mol of cartx>xyl add group) in an add anhydride having at least two carboxyl groups based on 
the total mol number of terminal hydroxyl groups in the hard component and the soft component. 0.5-2.0 times by 
mol of epoxy groups in tiie epoxy compound based on the total mol number of carboxyl groMPS in the hard compo- 
nent and the soft component, and cart>oxyl groups in the carboxyl acid anhydride. 

35 10. A polyester elastomer as set forth in claim 7, characterized by weight ratio of the hard component/the soft compo- 
nent of 30/70-95/5. and by allowing to react 0.1-10 times by mol of cart)oxyl groups in a carboxylic acid having at 
least two cart)oxyl groups in tiie molecule based on the total mol number of terminal hydroxyl groups and terminal 
carboxyl groups in the hard component and tiie soft component, 0.1-2 times by mol of carboxyl groups (1 mol of 
acid anhydride group is looked upon as 1 mol of carboxyl acid group] in an add anhydride having at least two car- 

40 boxyl groups based on tiie total mol number of terminal hydroxyl groups in tiie hard component and the soft com- 
ponent, 0.5-2.0 times by mol of epoxy groups in the epoxy compound based on the total mol numk>er of cartxixyl 
groups in the hard component and the soft conponent, and cartx>xyl groups in the carboxylic acid and the carboxyl 
add anhydride. 

45 11 . A polyester elastomer as set fbrtii in any one of claims 6-10. characterized in that the soft conponent is composed 
of polylactones. 

12. A polyester elastomer characterized in that a hard segment is a polyester which has a melting point of 220-320*'C 
mainly composed of a polyalkylene naphthalate, and a soft segment is an aliphatic pdyester having an average 

so block chain lengtti of 1 000-5000. 

13. A polyester elastomer as set fbrtii in daim 12. wherein said hard segment is a polyalkylene naphttialate. and said 
soft segment is a polylactone. 

55 14. A process for the preparation of a polyester elastomer characterized in tiiat a hard segment which is a polyester 
having a melting point of 220-320''C mainly composed of a polyalkylene naphthalate is coupled n a soft segment 
which is an aliphatic polyester. 



37 



EP0893463A1 

15. A process for the preparation f a polyester elastomer characterized by carrying out a condensation reaction in a 
melting state of 30-95% by weight of an aromatic polyester resin having a number average molecular weight of 
1 ,000-60,000 and 70-5% by weight of an aliphatic polyester resin having a number average molecular weight of 
1 .000-40,000 with 0-10 parts by weight of a dibasic add or an anhydride thereof based on 100 parts by weight of 

5 the total amount of both. 

1 6. A process for the preparation of a polyester elastomer as set forth in claim 1 5. wherein a terminal functional group 
in said aromatic polyester resin is hydroxyl group or carboxyl group, and not less than 90% of a terminal functional 
group in said aliphatic polyester resin Is hydroxyl group. 

10 

17. A process for the preparation of a polyester elastomer as set forth in claim 1 5 or 16. wherein said aliphatic polyester 
resin is a polycaprolactone. 

1 8. A process tor the preparation of a polyester elastomer as set forth in claim 1 5, characterized by said condensation 
15 reaction is can'ied out using a continuous apparatus equipped with an equipment for removing water. 

1 9. A process for the preparation of a polyester elastomer as set forth in claim 1 5, characterized in that 1 -500 ppm of 
monobutyltin-based catalyst Is employed based on a polyester elastomer produced. 

20 20. A polyester elastomer composition which oorrprises 30-90% by weight of a polyester elastomer and 70-10% by 
weight (total of both is 100% by weight) of an epoxy-modified polymer. 

21. A polyester elastomer composition as set forth in claim 20, characterized in that the polyester elastomer contains 
a polybutylene terephthalate as a hard segment, and at least one kind selected from the group consisting of an 

25 aliphatic polyester, polyether, and polycarbonate as a soft segment. 

22. A polyester elastomer composition as set forth in claim 21 . characterized in that said aliphatic polyester which com- 
poses a soft segment is a polycaprolactone component 

30 23. A polyester elastomer composition as set forth in claim 20, characterized in ttiat said epoxy-modified polymer is an 
epoxidized (partially hydrogenated) block copolymer. 

24. A polyester elastomer composition as set forth in claim 20, characterized in that said epoxy-modified polymer is a 
glycidyl (meth)acrylate-modifled or copolymerized polyethylene. 

35 

25. A molded article which comprises containing an elastic polyester composed of 30-95 wt% of an aromatic polyester 
resin which is a hard segment primarily containing a polyethylene terephttialate or a polyethylene terenaphthalate 
and 5-70 wt% (total of both is 100% by weight) of at least one kind of a resin selected from the group consisting of 
an aliphatic polyester, polycartK>nate. and polyether which are a soft segment. 

40 

26. A molded article as set forth in claim 25, which comprises containing an elastic polyester composed of 50-90 wt% 
of a hard segment, and 10-50 wt% of a polycaprolactone. 

27. A nfiolded article as set forth in claim 25 or 26. said molded article is a fiber, a film, a sheet, and a bottle. 

45 

28. A sheet-molded article ot>tained by vacuum molding and compression molding of the sheet as set forth in claim 27. 

29. An aliphatic polyester elastomer characterized by an aliphatic polyester in which a hard segment and a soft seg- 
ment which construct a polyester elastomer are different each other. 

so 

30. An aliphatic polyester elastomer as set forth in claim 29. characterized in tiiat the weight ratio (the hard seg- 
ment/the soft segment) of tiie hard segment with respect to ttie soft segment is 55/45-95/5. and a melting point 
ranges in 90-200'^C. 

55 31 . An aliphatic polyester elastomer as set fdrtii in claim 29 or 30. wherein said hard segment has an average lengtii 
in a block chain ranging in 1000-10,000. said soft segment has an average length in a block chain ranging in 500- 
5.000, and a numk)er average molecular weight ranges in 40.000-200.000. 
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32. An aliphatic polyester elastomer as set forth in claim 29. which has an endothermic peak between SO^'C and 200^C 
measured by a differential scanning calorimetry (DSC). 

33. A process tor the preparation of the aliphatic polyester elastomer as set forth in claim 29, characterized by allowing 
5 to react an aliphatic polyester which constructs a hard segment with an aliphatic polyester which constructs a soft 

segment or a monomer which ccnstaicts the aliphatic polyester in a melting state. 

34. A process for the preparation of an aliphatic polyester elastomer as set forth in daim 33. in which a melting point 
of the aliphatic polyester which constructs the hard segment ranges in 100-200''C and a melting point of the 

10 aliphatic polyester which constructs the soft segment is 40-80''C. 
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a polyether and a polycarbonate, the crystalline aromatic polyester and the 
at least one polymer being bonded to each other through a polyisocyanate, 
a polyepoxide, or a polybasic acid or an anhydride thereof, and processes 
for preparing the same, A group of inventions of claims 12 to 14 relates 
to a polyester elastomer prepared by reacting a polyallcylene naphthalate 
with an aliphatic polyester, and processes for preparing the same. A group 
of inventions of claims 20 to 24 relates to a composition comprising a 

1. Q As all required additional search fees were timely paid by the applicant, this international search report aivers all 

searchable daims. 
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conventional polyester elastomer and an epoxy-modif led polymer. A group 
of inventions of claims 25 to 28 relates to moldings made from a resin prepared 
by reacting polyethylene terephthalate or polyethylene naphthalate with at 
least one polymer selected from among an aliphatic polyester, a polyether 
and a polycarbonate. A group of inventions of claims 29 to 34 relates to 
a polyester elastomer comprising two aliphatic polyesters respectively as 
a hard component and a soft component, and processes for preparing the same. 
Such being the case, these five groups of inventions are not considered as 
relating to a group of inventions so linked as to form a single general 
inventive concept. 
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